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Something The Modern 
Every Surgeon (’ Surgical 
Needs _ Dressing | 


A thin, flexible, transparent, waterproof, hygienic material that can be sterilized 
by boiling. Can be applied directly over open wounds to prevent bandages from 
sticking and tearing new granulations, Allows quick, painless examination. Used 
with wet dressings as a substitute for oiled silk, rubber tissue, etc, Suitable for making 
drain tubes, as it can be removed without trouble. Try it over skin grafts. Furnished 
in sheets 18x36 inches, or in rolls 12 feet long, as wide as desired. Send for free 


sample and prices. 


Headquarters for X-Ray Supplies 


Barium Sulphate —for abdominal diagnosis. Developers in tin cans, 5 sizes—10 oz. to 2 gal. 


Highest grade, low price. Filing Envelopes for used X-Ray Plates. 
Dental X-Ray Films, fast or slow emulsion. Acid Hypo Fixing Bath —2 sizes. 
Regular or oval shapes. Developing Tanks , 6 or 4 compartments in stone 
X-Ray Paper for charity work, or for record —3 sizes, steel enameled. 
purposes, colon examinations, etc. Developing Trays, 4x5 to 14x17 inches. 


SEND FOR COMPLETE PRICE LIST 


GEO. W. BRADY & CO., 756 S. Western Ave., Chicago 


Many Brilliant Operations 
Have Been Marred by Sepsis 


A focal infection removed from the seat of operation may be pouring 
bacteria into the blood stream, ready to lodge at a point of lowered 
resistance such as a laceration, an incision, a suture, a blood clot, and there 
set up an infection in spite of all technical and aseptic care. 
Many of the foremost American and foreign surgeons are protecting 
their patients against sepsis in surgery, gynecology and obstetrics by 
prophylactic immunization with bacterial vaccines. 
A dose of an appropriate vaccine given before and after every operation 
will prevent many unpleasant complications. 

WRITE FOR LITERATURE 


G. H. SHERMAN, MLD., Detroit, Mich. of 


Daily Users of Vaccine Use Sherman’s 
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EXCISION OF VESICAL DIVERTICULA AFTER INTRAVESICAL INVAGI- 
NATION BY SUCTION; A NEW METHOD 


By HUGH HAMPTON YOUNG, M.D., F.A.C.S., BALTIMORE 


From the James Buchanan Brady Urological Institute 


of vesical diverticula in 1906 (1), I col- 

lected five cases in which the diverticu- 
lum had been radically excised, which were 
as follows: In 1895 Pean (2) removed a 
diverticulum from the bladder in a girl of 15. 
Czerny (3) removed a large diverticulum by 
suprapubic excision, transplanted the ureter, 
and subsequently had to perform nephrectomy 
on account of pyonephrosis. Riedel (4), 
after prostatectomy, excised a large divertic- 
ulum extravesically, the patient dying of 
collapse on the following day. Pagenstecher’s 
(5) patient was a young man with a very 
large diverticulum containing the ureter. 
After suprapubic extravesical excision, and 
transplantation of ureter, the patient de- 
veloped suprapubic and sacral fistula. Von 
Eiselsberg (6) excised a small diverticulum at 
the vertex of the bladder; patient presumably 
recovered. 

To these five cases I was able to add three 
as follows: Extravesical excision of large 
diverticulum with plastic procedure to bring 
back the ureteral orifice to the bladder; 
intravesical excision of small diverticulum. 
Excision of small diverticulum at the vertex 
of the bladder, extravesically. Extravesical 
excision of large diverticulum of the anterior 
wall of the bladder. 

The eight cases mentioned above were all 
that were to be found in the literature at that 


|: an exhaustive study of the literature 


time. Since then there have been numerous 
publications, among which may be mentioned 
articles by Chute (7), Calbot (8), Lerche (9), 
Lower (10), and Thomas (11). Lerche de- 
scribes the extravesical, extraperitoneal ex- 
cision of a diverticulum, which he had 
distended by means of a rubber bag introduced 
on the tip of a ureteral catheter. He gives 
brief summaries of 32 cases of diverticula 
(collected from the literature) which were 
treated by operative measures, and includes 
an extensive bibliography. Lower’s paper 
in 1914 presented a new method which con- 
sisted of packing the diverticulum with 
gauze through the bladder, followed by 
extravesical excision of the diverticulum. 
Lower reported three cases in which this 
method had been employed. In one of them, 
after the diverticulum had been excised, it 
was found that the ureter had been divided 
and required transplantation. In another 
of these cases, Lower employed the intra- 
vesical method of removal by invagination, 
which had been first proposed and carried 
out by the writer in 1906. 

In 1909 I reported the intravesical ex- 
cision of a diverticulum, which projected 
intraperitoneally, and which contained a 
carcinoma (12). 

The patient, a man aged 71, was admitted Febru- 
ary 5, 1909, complaining of hematuria of three 
No frequency or other urinary 


months’ duration. 
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Fig. 1. 
being drawn up into the glass suction tube. Insert a 
shows diverticular orifice before insertion of tube. In this 
drawing, as in the following seven, the symphysis pubis 
is shown uppermost. 


The mucosa of the diverticulum may be seen 


symptoms; general health good; no loss of weight. 
On rectal examination a smooth globular hard mass 
was felt lying between the seminal vesicles, and 
about 2 centimeters above the prostate. It gave 
way on pressure. Rectal examination otherwise 
negative. Cystoscopy was not entirely  satis- 
factory on account of bleeding. On the left side 
near the region of the left ureteral orifice was seen 
a large irregular globular black mass, the surface 
of which was somewhat lobulated, but not villous, 
and which was thought to be malignant in character. 

Operation. Young. February 11, 1909, supra- 
pubic cystostomy. A large black organized blood- 
clot was removed from the bladder, disclosing a 
small diverticular orifice on the posterior bladder 
wall about 2 centimeters behind the left ureteral 
orifice. A small bit of tissue removed from the 
interior of the diverticulum by the dilating clamp 
was shown by frozen section to be carcinoma. The 
entire diverticulum, which was globular and about 
4 centimeters in diameter, was excised, together 
with an area of peritoneum about 3 centimeters in 
diameter, there being no evidence that the tumor 
had penetrated the diverticular wall. Peritoneal 
and bladder wounds were closed separately through 
the bladder. Recovery was uneventful. ,The pa- 
tient left the hospital in good condition, was free 
from symptoms for several months, but died later 
with what was probably a recurrence. 

In recent years I have been more and more 
struck with the importance of intravesical 
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Fig. 2. After removal of the suction tube, which has 
inverted the diverticulum, the mucosa is grasped with 
forceps. 


removal whenever possible, particularly in 
the intraperitoneal and retrovesical or sub- 
trigonal types. Thus either an intraperitoneal 
operation is avoided, or the operation sim- 
plified, because the extravesical removal of 
diverticula situated at or near the ureteral 
orifices (especially those in which there has 
been considerable suppuration with scar 
tissue, often involving rectum, seminal ves- 
icles, ureter, and deep pelvic structures), 
is not only very difficult, but is apt to be 
accompanied by injury of the above-named 
structures. 

The first intravesical method which I 
employed was as follows: After dilatation 
of the diverticular orifice, a circular incision 
was made through the mucous membrane 
around the opening, the diverticular mucous 
membrane being grasped with hemorrhoidal 
forceps, gradually drawn outward, and ex- 
cised. In some cases it was possible to grasp 


the diverticulum with forceps, invaginate it 
either by traction upon the forceps or with 
a finger outside of the bladder assisting in 
the invagination, and, after it had been 
turned inside out within the bladder, to 
In large and very 


complete its excision. 
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The intravesical delivery of the diverticulum 
has been completed by the use of clamps, making traction 


Fig. 3. 


at various points around the circumference. Insert a 
shows circular incision around neck of diverticulum and 
beginning elevation of the mucosa. 


deep-seated adherent cases, however, neither 
of these methods was found suitable, and I 
therefore adopted the following technique. 

Invagination of diverticulum by suction 
and traction; intravesical enucleation of 
the sac of mucosa, thus entirely avoiding 
sharp dissection, and pushing the ureter 
(if present) back into the bladder; intra- 
vesical closure; extravesical drainage of region 
of diverticulum; plastic operation, punch or 
prostatectomy, to cure obstructive cause of 
diverticulum. 

This method is so well shown in the ac- 
companying illustrations that hardly any 
further description is necessary. The di- 
verticular orifice is investigated, and if 
necessary dilated with forceps. Into this 
orifice a glass tube is inserted to the full depth 
of the diverticulum, and immediate suction 
with an electric air pump is commenced. It 
is usually evident, almost at once, that the 
mucous membrane has been drawn against the 
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Fig. 4. A circular incision has been made through 
the mucosa at the neck of the diverticulum, the mucosa 
elevated at one point, and blunt dissection begun, peeling 
out the lining membrane of the diverticulum. 


orifice, and the tube is then drawn very slowly 
outward, a small distance, the suction being 
continued until the mucous membrane of the 
diverticulum is seen coming upward inside of 


Fig. 5. The entire mucous lining of the diverticulum 
has been peeled away from the underlying tissues, and 
the last attachment of diverticular mucosa to vesical 
mucosa is being divided. 
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Fig. 6. 
carried down lateral to the bladder. 
gut suture, as shown in insert a. 


the glass tube (Fig. 1). Not infrequently the 
mucous membrane reaches a point 114 to 2 
inches above the bottom of the tube. The 
glass tube is then slowly drawn out, bring- 
ing the diverticular mucosa with it, and as 
soon as the end of the tube is outside of the 
diverticular orifice, the mucous membrane is 
caught with a toothed clamp (Fig. 2), and 
the glass tube then removed. ‘The intra- 
vesical delivery of the diverticulum is then 
completed by traction, the operator using 
sharp-toothed clamps applied at various points 
around the circumference, and then possibly 
further dilating the diverticular orifice in 
case the sac is very large and difficulty is ex- 
perienced in delivering the whole diverticulum 


The site of the diverticulum is drained extravesically by means of a cigarette drain 
The bladder mucosa is then closed with a continuous cat- 


through the small orifice (Fig. 3). As soon as 
the entire diverticulum has been turned inside 
out within the bladder, a circular incision is 
made through the mucous membrane around 
the neck of the diverticulum and the mucous 
membrane elevated at one point (Insert a, 
Fig. 3). Then, by blunt dissection, it is a 
simple matter to peel away and remove in 
one piece the entire lining membrane of the 
diverticular sac, the excised tissue consisting 
merely of mucosa and submucosa. Figures 
11 and 12, actual size photographs, show the 
excised sacs of mucosa and submucosa dis- 
tended with cotton. In separating the sac 
and peeling it out (Figs. 4 and 5), the op- 
erator dissects with gauze on the finger, 
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Fig. 7. 
cision in bladder is closed with continuous catgut. 


After placing extravesical drain, midline in- 


pushing down all underlying structures, thus 
avoiding hemorrhage and eliminating the 
danger of injury to the ureter. If the ureter 
comes into view, it is pushed back, only the 
thin membrane being removed. As shown 
in Fig. 9, it was necessary to push back the 
ureter in case 7 (No. 5682). The method of 
extravesical drainage is shown in Figs. 6 and 7. 
A cigarette drain is carried down extravesical- 
ly and lateral to the bladder until it reaches 
the collapsed cavity from which the diver- 
ticulum has been removed, and the orifice 
of the diverticulum in the bladder is then 
closed as shown in insert a, Fig. 6. The 
drawing shows a curved clamp passing into 
the bladder, through the diverticular orifice, 
into the cavity from which the diverticulum 
has been removed, and out again laterally 
and extravesically, pulling the cigarette 
drain in place. The bladder incision is then 
closed around a rubber drainage tube, or 
closed tightly leaving a retention catheter in 
place. 


CASES OPERATED UPON BY THE INTRAVESICAL 
SUCTION ENUCLEATION METHOD 


Casg 1. Diverticulum of the posterior wall 
(intraperitoneal) drawn into the bladder by suction 


Fig. 8. Case No. 2602. Six diverticula, lying posterior 
to the trigone (one after another), were sucked into the 
bladder, stripped of their mucous linings, and closed. 
a. Diverticulum being drawn up into tube. 0b. Divertic- 
ulum released by tube and caught by clamp. c. Divertic- 
ular orifice closed. 


Fig. 9. Case No. 5682. The left ureteral orifice lay 
within the diverticulum. After invagination of the 
diverticulum, a horse-shoe incision was made around the 
sac so as to preserve the interureteral ridge. The lining 
membrane (mucosa and submucosa) is being peeled up, 
and the underlying tissues (including ureter) pushed back. 
The ureter was palpable and indistinctly visible, although 
it was not dissected free. «u, Ureter. 
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Fig. 10,a. Schematic drawing showing line of incision 
in case ureteral orifice lies within diverticulum. 


and clamps; intravesical excision, suture of sac; 
cure. 

No. 591, W. B. E., age 47. The patient had had 
previous prostatic hypertrophy and perineal prosta- 
tectomy with relief of obstruction and excellent 
result for a time, followed later by cystitis, frequent 
urination, residual urine. Examination showed, on 
the left lateral wall, the orifices of four small cellules 
and, on the right lateral wall, several cellules. ‘Two 
or 3 centimeters external and posterior to the right 
ureteral orifice a fairly large diverticulum was 
visible. The prostatic orifice showed a rounded 
lobule anteriorly. Residual urine 240 cubic centi- 
meters. Bladder capacity 500 cubic centimeters. 
Operation, April 13, 1914. It occurred to me to use 
suction through a glass tube to draw the divertic- 
ulum inside out within the bladder, and this was 
accordingly carried out with really spectacular 
results. A large tube was introduced, and very 
shortly after suction was applied the pale mucous 
membrane of the diverticulum was seen mounting 
within the tube. This continued until it had been 
drawn fully an inch and a half within the tube, 
which was slowly drawn out and the mucous mem- 
brane caught with forceps, the diverticulum de- 
livered and excised, the opening being closed without 
entering the peritoneal cavity. The suprapubic 
wound was drained and the patient made an ex- 
cellent recovery, and had a splendid ultimate result. 

CASE 2. Removal of six diverticula intravesical- 
ly by suction method. Wound closed by suture. 
Excellent result. 

No. 2602, J. C. M., age 59. Six years previously 
patient had had a punch operation which was quite 
successful in removing obstruction to urination, but 
recently there had been a return of the frequency 
and pain. Examination showed a prostate about 
normal in size, 100 cubic centimeters residual urine, 
small irregular lobules hanging from the roof of the 
internal prostatic orifice a markedly trabeculated 
bladder, and the orifices of six small diverticula 
back of the trigone. Suprapubic cystostomy, May 
22, 1916. Excision of six diverticula which were 
found across the posterior wall of the bladder from 


1 to 3 centimeters distant from the posterior limit 
of the trigone. The orifices were dilated, a glass 
tube as large as possible was introduced into one 
diverticulum after another, suction applied, di- 
verticulum drawn into bladder, incision made 
around its neck, mucous membrane stripped up and 
excised and the wound closed. These diverticula 
varied from 2 to 4 centimeters in depth and, though 
adherent, were evaginated without much difficulty. 
A small anterior prostatic lobule was excised with 
scissors. Examination of the orifice showed that 
the punch operation had been quite complete, re- 
lieving obstruction. Suprapubic drainage. Ex- 
cellent convalescence. Report three months later: 
condition excellent — patient voiding as much as 
14 ounces at a time, six times during the day and 
twice at night — still some pain and slight spasm 
in the posterior urethra. 

CasE 3. Suprapubic lithotomy and excision of 
four diverticula, intravesically No. 5133, W. D. H., 
age 57. Patient had had elsewhere, 5 years before 
admission, a lithotomy, followed by persistent 
perineal fistula, and since then at intervals, he 
had had lithoplaxy twice; marked frequency of 
urination still persisting. Examination showed a 
slightly enlarged prostate; residual urine 40 cubic 
centimeters; bladder capacity, 200 cubic centi- 
meters. The cystoscope showed a moderately 
large oval stone in the bladder, a diverticulum with 
an orifice 1 centimeter in diameter in the left half 
of the bladder, a small diverticulum on the right 
lateral wall and another near the urachus and 
numerous small cellules and trabecule. Operation, 
May 26, 1916. Suprapubic lithotomy; excision 
of four diverticula intravesically; two with the 
use of the vacuum pump and two without. The 
first diverticulum removed was about 3 centimeters 
deep, and the sac measured 4x3.5 centimeters in 
size. The mucosa and submucosa alone was re- 
moved. The second diverticulum was about 2 
centimeters in diameter, the third smaller, and the 
fourth quite minute. Orifices of these diverticula 
were closed by sutures, suprapubic drainage pro- 
vided, and the perineal fistula excised. 

Convalescence was very satisfactory and im- 
mediate result good. Discharged on the thirty- 
fourth day, voiding freely, condition excellent, all 
wounds healed. 

Examination, November 17, 1916, six months 
after operation. Condition excellent, no residual 
urine, bladder capacity 300 cubic centimeters. 
Cystogram normal, no diverticula, slight urethral 
stricture, but sounds easily passed. 

CasE 4. Suprapubic lithotomy; intravesical di- 
verticulectomy; cure. 

No. 5297, D. G. B., age 58, was admitted August 
22, 1916, complaining of painful urination of 8 
years’ duration. Examination showed the pros- 
tate about normal in size; residual urine 50 cubic 
centimeters, bladder capacity 350 cubic centi- 
meters. The cystoscope showed a slightly rounded 
median bar, two small calculi, a trabeculated blad- 
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Fig. 10, b. Diverticular sac removed. 


der and considerable mucus. No diverticula seen. 
Operation, August 23, 1916. Suprapubic lith- 
otomy. Intravesical diverticulectomy. Three cal- 
culi were removed. Diverticulum with orifice 1.5 
centimeters in diameter was seen lying on the right 
posterolateral wall, 1.5 centimeters above and to the 
outside of the right ureter. Suction was applied, 
diverticulum evaginated, drawn partly into the 
bladder with forceps and dissection begun. The 
deep portion had to be freed by dissection intra- 
vesically. Punch operation was done to remove 
prostatic bar; three cuts; one posterior and two 
lateral. Examination then showed a well dilated 
prostatic orifice. Suprapubic drainage provided. 

Convalescence fairly satisfactory. Dischatged 
in 5 weeks, voiding freely at intervals of six hours, 
considering himself well, but still having 75 cubic 
centimeters residual urine. 

CasE 5. Suprapubic intravesical 
diverticulum. 

No. 5481, E. S., boy age 10, admitted October 
10, 1916, complaining of pus in urine which had 
been present for 8 years. Marked frequency of 
urination, stream small, no pain or hemorrhage. 
Examination: The prostate and seminal vesicles 
scarcely palpable; urine cloudy with pus; no residual 
urine. Bladder capacity, 200 cubic centimeters. 
Cystoscopy: Just external to the left ureter was 
seen the orifice of a large diverticulum. 

Operation, November 8, 1916, suprapubic intra- 
vesical diverticulectomy. Diverticular orifice was 
about 1 centimeter in diameter and external and 
somewhat posterior to the left ureteral orifice. It 
was drawn into the bladder by suction and clamps, 
and proved to be about the size of a large hen’s egg 
(Fig. 12). The neck was circumcised, and the 
mucous membrane stripped off, the intravesical 
wound closed, and the site of the diverticulum 
drained extravesically. Before closing the bladder 
the trigone, which was quite prominent, was divided 
with scissors and sutured on each side. Nothing 
was done to the prostatic orifice which was normal. 
Convalescence was satisfactory. The patient was 


excision of 


(Drainage, extravesical.) 


Fig. 10,c. Closure. 


discharged in six weeks in excellent condition; the 
wound well healed. 
Case 6. Median bar obstruction with diverticula 
of the bladder; punch operation; diverticulectomy. 
No. 4088, K. E. K., age 42. There was history of 
hesitancy and difficulty of urination since childhood, 
and particularly marked obstruction for four years. 
Two years ago was catheterized and 1500 cubic 
centimeters urine obtained; after that complete 
retention and catheter life. The cystoscope showed 
a markedly enlarged trigone with elevated edges. 
Ureters functioning normally. There was a large 
pouch behind the elevated ligamentum inter- 
uretericum. On the right lateral wall of the bladder 
was a diverticulum about 2 centimeters distant 
from the ureteral orifice. On the left lateral wall 
of the bladder at a point 3 centimeters external and 
in front of the ureteral was the orifice of another 
diverticulum. A third diverticulum with a large 
orifice was seen behind and external to the left 
ureter. Median portion of the prostate was elevated 
in the shape of a pronounced median bar. 
November 4, 1914. Punch operation; four cuts; 
one anterior, one posterior and two lateral. Con- 
valescence: Catheter removed in 36 hours. Pa- 
tient discharged on the eighth day, voiding freely, 
good stream. Subsequent examination showed 
some residual urine varying from 70 to 400 cubic 
centimeters. Subsequent cystoscopy showed the 
diverticula and the hypertrophied elevated trigone. 
Operation, November 17, 1916. Excision of two 
diverticula intravesically; punch operation through 
the suprapubic incision to remove the prostatic 
obstruction. The large diverticulum was evag- 
inated by suction and clamps, a circular incision 
made around the neck, and the mucous membrane 
stripped up with a sponge and excised. The two 
small diverticula were removed in the same way 
after dilatation of their orifices. The prostatic 
orifice was found to be tight and fibrous and was 
enlarged by three cuts with the punch instrument. 
Suprapubic drainage. Convalescence was very 
satisfactory. Patient discharged in 3% weeks, 
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Fig. 11. Case 4088. Actual size photograph of di- 
verticular sac distended with cotton. 


voiding at intervals of 3 to 4 hours. Suprapubic 
wound practically healed. Residual urine, 100 
cubic centimeters. April 12, 1917, patient reports 
that he has continued to improve; residual urine 
10 to 25 cubic centimeters. Does not require 
catheterization. General health good. 

7. Intravesical diverticulectomy and par- 
tial prostatectomy. 

No. 5682, L. M. C., age 63, was admitted January 
18, 1917, complaining of obstruction to urination 
of ten years’ duration. Four years ago suprapubic 
prostatectomy was performed elsewhere; residual 
urine, frequency, and dysuria still present. Ex- 
amination showed a slightly irregular, flat, not 
enlarged prostate. Residual urine, 150 cubic 
centimeters. Bladder capacity, 500 cubic centi- 
meters. Cystoscope showed a fairly large, rounded, 
intravesical left lateral lobe, and a moderate sized 
right lateral lobe. The right ureter was slightly to 
the right of the median line and closer to the pros- 
tatic orifice than normal. ‘The left corner of the 
trigone and left urethral orifice had been drawn 
into a diverticulum, of moderate size, the orifice of 
which was large enough for entrance of the cysto- 
scope. 

Operation, May 2, 1917. Suprapubic intra- 
vesical diverticulectomy and partial prostatectomy. 
Conditions within the bladder shown in sketch made 
at operation. The left ureter was within the di- 
verticulum on the left side of the bladder. The 
diverticulum was evaginated by suction and clamps, 
drawn completely into the bladder and neck cir- 
cumcised except internally were it was preserved 
for 2 centimeters for fear of incising the ureter. The 
diverticular mucous membrane was stripped up, 
evidently bringing with it the ureteral orifice which, 


Fig. 12. Case 5481. Actual size photograph of di- 
verticular sac distended with cotton. 


however, could not be definitely located, although 
the ureter itself was palpated posteriorly. This 
method made it quite simple to avoid the ureter 
which was continually pushed backward, while 
the mucous membrane was stripped up (Fig. 9). 
Extravesical drainage was provided for the retro- 
vesical diverticular cavity. The prostatic orifice 
was enlarged, the septum divided, and small 
lobule removed. Suprapubic drainage. Excellent 
convalescence. Patient wasseen seven weeks later, 
feeling well for the first time in years, and voiding 
normally at normal intervals. 
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PREMATURE SEPARATION OF THE NORMALLY IMPLANTED 
PLACENTA! 


By ARTHUR H. MORSE, M.D., F.A.C.S., New Haven, CoNNECTICUT 
From the Department of Obstetrics and Gynecology, Yale University, School of Medicine 


MONG the causes of antepartum hem- 
orrhage at full term, or nearly so, 
premature separation of the placenta 

occupies a place scarcely second in impor- 
tance to placenta previa, for it is no less 
frequent than placenta previa and may re- 
quire equally radical treatment. Of course, 
radical treatment is not always necessary. 
Sometimes, a simple procedure, as rupturing 
the membranes, is sufficient to insure normal 
delivery and a satisfactory convalescence for 
the mother. On the other hand, occasionally, 
after the uterus has been emptied of the foetus 
and placenta the mother collapses and dies 
in shock without further loss of blood. An- 
ticipating such an outcome in cases evidently 
serious from the character of the initial 
symptoms, cesarean section has lately been 
employed and radical treatment has been 
justified by the pathological lesions disclosed 
at operation. Williams has treated ‘two 
cases in this way and collected twenty others 
from the literature. 

In these cases the uterus presented a re- 
markable picture; its color was bluish black 
from the extravasation of blood into its sub- 
stance, and it resembled somewhat an ovarian 
eyst with twisted pedicle. Following delivery 
the uterus did not retract but remained flaccid 
and hysterectomy was necessary to control 
hemorrhage. This abnormal reaction, as 
histological study demonstrated, depended 
upon the disorganization of the myometrium 
which was infiltrated with blood and lymph. 
Two cases of this type were recently treated 
in this clinic by abdominal cesarean section 
and supravaginal hysterectomy. As there 
was no Clinical evidence to indicate the cause 
of the intramuscular lesion, a series of experi- 
ments was performed and a technique devel- 
oped which reproduced in animals the lesions 
which have been described in women suffering 
from the more serious type of premature 
separation of the placenta. 


The clinical and pathological notes upon 
the two patients I have observed follow: 


Case 1. A. H., VIII-para, 39 years of age. Old- 
est child 18 years of age, youngest 15 months. 
Previous history unimportant except for two mis- 
carriages at the second month, 17 and 8 years ago 
respectively. No history of any menstrual disorder; 
last period, September 15, 1915. Present pregnancy 
normal except for slight nausea and constipation, 
until to a.m. May 10, 1916, when the patient, then 
in the eighth month, was seized with cramplike pains 
which half an hour later became more severe and 
continuous. Upon admission to the hospital at 
3 p.m., she was pallid, restless, and complained of 
intense abdominal pain; pulse 80, temperature 98.6°, 
and respirations 20. On palpation, the uterus was 
3 finger breadths below xiphoid, tense and firm. 
The position of the foetus could not be determined, 
nor could foetal heart sounds be heard. The exter- 
nal os was closed, and there was neither vaginal dis- 
charge nor bleeding. In the absence of external 
bleeding, the history together with the ligneous con- 
sistency of the uterus led to the diagnosis of prema- 
ture separation of the placenta with concealed ham- 
orrhage. Abdominal cesarean section seemed the 
most conservative method of delivery. 

Upon opening the peritoneal cavity a small quanti- 
ty of serous fluid escaped. The uterus was firm and 
bluish black in color; blood was extravasated be- 
neath the peritoneum covering the uterus, particu- 
larly about the upper portions of the attachment 
of the broad ligaments. The tubes and ovaries were 
free from haemorrhage. The uterus was packed 
off and opened by an anterior longitudinal inci- 
sion through which gushed about 500 cubic cen- 
timeters of fluid and clotted blood. The foetus 
was found dead and the placenta completely de- 
tached. The uterus remained flabby in spite of 2 
cubic centimeters of pituitrin and vigorous massage 
and bled freely. Consequently, supravaginal hys- 
terectomy was performed. 

Convalescence was afebrile and otherwise un- 
eventful. The patient was discharged on the twenty- 
first day in good condition. The urine, specific 
gravity 1022, contained no more than a very slight 
trace of albumin at any time and casts were never 
found. 

Pathological report. The uterus measured 13 
centimeters from the point of amputation to the 
fundus, 13 centimeters in width, and 8 centimeters 
from the anterior to the posterior surface. The 
walls had a uniform thickness of approximately 
2.5 centimeters. The entire external surface was 


1 Read before the section on Obstetrics and Gynecology at the sixty-eighth annual session of the American Medical Association, New York, June, 1917. 
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Vig. 1. Uterus removed from case of premature separa- 
tion of the placenta. The dark color of the surface and of 
the sides of the incision through which the foetus was deliv- 
ered is due to the extravasation of blood into the myome- 
trium. 


free from exudate and adhesions, and was bluish 
gray, except at the attachment of the upper portion 
of the broad ligaments where the discoloration was 
bluish black from the hemorrhage beneath the peri- 
toneum. The cavity was smooth throughout. The 
placental site was on the posterior wall and showed 
no gross abnormalities. 

Sections for microscopic study were taken from 
both sides of the incision in the anterior wall, and 
from the posterior wall in the zone between the ova- 
rian ligaments. These cross sections showed a 
hemorrhagic infiltration 0.5 to 1 centimeter in thick- 
ness beneath the peritoneal surface most intense in 
the anterior wall. Internal to this extravasation 
the musculature was normal. 

The uterine and ovarian vessels on both sides had 
a normal appearance and were not thrombosed. 
The tubes and ovary were free from hemorrhage, 
and with the exception of chronic adhesions, pre- 
sented no abnormalities. 

The placenta measured 17x14x2 centimeters. It 
weighed 570 grams. ‘The foetal surface was normal 
and the maternal surface also except at one point 
where there was a notable compression of the placen- 
tal substance by an overlying clot extending from 
the circumference toward the center of the organ 
corresponding to approximately 200 cubic centi- 
meters of blood. Microscopic sections showed nor- 
mal villi. There was congestion just beneath the 
connective tissue of the chorion and amnion, and 
hemorrhagic areas in the decidua attached to the 
maternal surface. There were no inflammatory 
changes. 

Microscopic sections through the uterine wal! at 


lig. 2. Histological detail of myometrium in case of 
premature separation of the placenta. Note the extrava- 
sation of blood responsible for the dissociation of muscle- 
fibers. 


the placental site showed numerous hemorrhages 
into the decidua basalis, but no leucocytic infiltra- 
tion. The blood-vessels were normal except that 
several veins in the musculature beneath the placen- 
tal site were thrombosed, while in some of the smaller 
arteries the subepithelial connective tissue was in- 
creased and myxomatous in structure. Throughout 
the uterine wall but most noticeable in the outer half 
were extravasations of blood accompanied by oedema 
and frequently by dissociation of the muscle-fibers. 
This effusion proceded from the capillaries. 

Pathological diagnosis. Premature separation of 
the normally placed placenta with concealed hamor- 
rhage. Hemorrhagic extravasation into the uterine 
musculature. Moderate thickening of the subepi- 
thelial connective tissue of the arterioles. 

CasE 2. M. A., XIII-para, 40 years of age. Her 
last pregnancy one year previously was complicated 
by nephritic toxemia. Present illness: Patient was 
brought to hospital because of profuse uterine hem- 
orrhage. Upon admission, blood pressure was 
160 milligrams mercury. Urine contained casts 
and a heavy trace of albumin. The abdomen 
was exquisitely sensitive. Uterus the size of an 
eight months’ pregnancy and of characteristic lig- 
neous consistency. Foetal heart not heard. The 
visible hemorrhage ceased shortly after admission 
but since the uterus was becoming more tense and 
the pulse was gradually growing poorer in quality 
delivery seemed advisable; and, as the cervix was 
closed, abdominal caesarean section was performed. 

After the usual preparations the abdomen was 
opened, the uterus packed off and incised. The 
foetus was dead and the placenta partially separated 
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Fig. 3. Uterus with multiple pedunculated myomata. 
The darker tumor, the color of which resembled that of 
the uterus in Fig. 1, had a twisted pedicle. 


with a quantity of blood-clots behind it. Suprava- 
ginal hysterectomy was performed. 

On the second day after operation the patient died 
of bronchopneumonia. Autopsy showed broncho- 
pneumonia, acute fibrinous pleuritis, pulmonary 
cedema, general anasarca and parenchymatous 
nephritis. 

Pathological report. The excised uterus had a 
bluish color and showed hemorrhagic effusions, 
each approximately 5 centimeters in diameter, 
about the upper portions of the broad ligaments. 
The tubes and ovaries were normal. Sections 
through the uterus showed extravasations of blood 
similar to those described in Case 1. 

The placenta measured 21x14x1.5 centimeters 
and weighed 250 grams. An infarcted area on the 
maternal surface measured 14x12 centimeters. At 
some points this was o.5 centimeter in depth; at 
others it involved the entire thickness of the organ. 
Outside the infarcted area, the villi were normal. 
The decidual tissue adherent to the maternal sur- 
face contained numerous lines of fibrinous degenera- 
tion. There were no inflammatory changes. 

Microscopic sections from the uterus showed the 
hemorrhage most intense in the outer half of the wall. 
In this region the muscle bundles were separated by 
extravasations of blood, but the oedema and dis- 
organization of the musculature were less than in 
Case 1. The mural veins were engorged and there 
was diapedesis into the muscles. The smaller 
arteries were almost uniformly empty, and presented 
endarteritic changes, not different from those ordi- 
narily found in the uteri of multiparous women. 
Sections through the placental site showed the de- 
cidua engorged but without leucocytic infiltration. 
The venous sinuses were distended but there was no 
thrombosis. 

Pathological diagnosis. Premature separation of 
a normally implanted placenta with external and 


Vig. 4. Myoma with twisted pedicle after bisection. 
The cut surface of the tumor resembles a cross section of 
the myonfetrium in cases of premature separation of the 
placenta. 


concealed hemorrhage. Hemorrhage into the 
uterine musculature; increase in the subepithelial 
connective tissue of the arteries. 


To explain premature separation of the 
placenta a number of hypotheses have been 
advanced. Trauma, or traction upon a 
short umbilical cord, occasionally causes the 
detachment, but generally the explanation 
is not so simple and, therefore, the complica- 
tion has been attributed to a lesion at the 
placental site, or to a toxemia of pregnancy. 
For example some authorities hold that an 
inflammatory or degenerative change in the 
decidua is the responsible factor: others 
emphasize the presence of hemorrhage into 
the myometrium or of thrombi in the inter- 
villous spaces and decidual sinuses. Perhaps 
the most widely accepted theory explains 
the premature detachment as secondary to 
nephritis. 

However, no hypothetical explanation has 
proved entirely satisfactory, for none is 
applicable to all the cases. Degenerative 
and inflammatory lesions of the placental site 
may be found, or not; they were absent in the 
two cases just reported. And _ similarly, 
albuminuria and other symptoms of toxemia 
of pregnancy are inconstant. The fact is that 
the cause underlying premature separation 
of the normally implanted placenta remains 
unknown. 

In beginning the experimental study of this 
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Fig. 5. Histological detail of the myoma with twisted 


pedicle. Except for the smaller size of the muscle-fibers 
in this section, it would be indistinguishable from the sec- 
tion of myometrium (Fig. 4.) 


problem our first thought was that the lesions 
in the myometrium might be caused by the 
acute distention of the uterus due to profuse 
hemorrhage. Accordingly, the following ex- 
periment was performed upon a pregnant 
dog. Under ether anesthesia, laparotomy 
was performed, a cannula was inserted into the 
pregnant horn of the uterus and sterile salt 
solution forced into the viscus until it was 
on the point of bursting. The cannula tract 
was then ligated and with some difficulty the 
abdomen was closed, for the distention of the 
uterus interfered with the approximation of 
the edges of the abdominal incision. 

No ill effects followed this operation; the 
next day the animal appeared to be well. 
Forty-eight hours after the operation, when 
the abdomen was again opened, abortion was 
found to have taken place. The previously 
distended “‘horn” was entirely normal and 
without sign of injury. Therefore, while in 
a sense the result was negative, this experiment 
plainly taught that even an extreme and acute 
increase in intra-uterine pressure did not 
cause extravasation of blood into the myome- 
trium and dissociation of the muscle-fibers. 
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In other words, simple distention does not 
explain the uterine lesions in cases of prema- 
ture separation of the placenta. 

Our interest in this problem was again 
stimulated a few weeks later when, from the 
treatment of a gynecological patient, we got 
a clue which led to further experimentation 
yielding results of a positive nature. The 
patient in question entered the hospital suf- 
fering from symptoms referable to a myoma- 
tous uterus. At the operation multiple 
pedunculated myomata were found (Fig. 3), 
and the superficial appearance of one of 
the tumors, the pedicle of which was twisted, 
bore a striking resemblance to the uterus 
represented in Fig. 1. When the tumor 
was bisected (Fig. 4) no areas of necrosis 
were found, but hemorrhagic lesions like those 
just mentioned in the uterus were distributed 
throughout the myomatous tissue. 

Histological sections from the tumor showed 
an intense hemorrhagic infiltration, oedema 
and, in many areas, dissociation of the mus- 
cle-fibers. The larger veins were empty but 
the smaller ones were engorged with blood. 
Microscopically, then, the lesion in this tumor 
(Fig. 5) was identical with that in the myo- 
metrium of cases of premature placental 
separation. And since the acute changes in 
the structure of the tumor were evidently 
caused by a disturbance in its circulation, 
the question arose as to whether the corre- 
sponding lesions in the pregnant uterus might 
not also be due to a similar disturbance. 
Furthermore, the absence of necrosis in the 
myoma as well as the presence of venous 
engorgement suggested that blocking of the 
veins, rather than of the arteries, was the 
responsible factor in the acute pathological 
process. 

With this hint investigation was begun to 
determine what are the effects upon the preg- 
nant uterus when the venous flow is blocked. 
In rabbits at various periods of pregnancy the 
veins leaving one of the two uterine horns were 
carefully dissected from the adjacent arteries 
and ligated. The vessels of the other ‘‘ horn” 
were not disturbed and, therefore, in each 
animal we had at the same time both experi- 
ment and control. 

The veins of the rabbit-uterus belong to one 
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of three groups; namely, (1) the ovarian; 
(2) the mesometric; and (3) the uterovaginal. 
Consequently, a thorough study of the prob- 
lem required that several types of experiment 
should be performed. In the first series, each 
of the three groups of veins alone was ligated 
and in these circumstances there followed 
a temporary cyanosis of the ‘‘horn” and slight 
engorgement of the constricted vessels. How- 
ever, the circulation quickly readjusted itself 
and the pregnancy suffered no damage. 

In the second type of experiment two of the 
above groups of veins were ligated. Thus, 
in one animal the ovarian and the mesometric 
veins were tied, in another the ovarian and 
the uterovaginal, and in a third the mesomet- 
ric and the uterovaginal veins. In all these 
cases the results were similar to those obtained 
when a single group of veins was tied. The 
collateral circulation, it appeared, was ade- 
quate to prevent serious damage to the preg- 
nancy even when two of the three vein-groups 
were thrown out of function. 

The third type of experiment consisted in 
ligating all three groups and blocked complete- 
ly the return of venous blood through the 
vessels, leaving one “horn” of the uterus. 
This treatment was followed by very definite 
and positive results, and the same phenomena 
were observed each time the experiment was 
repeated. 

One after another, as the veins were tied, 
they became engorged with blood and finally 
the entire uterine “‘ horn’’ was deeply cyanosed. 
It was distended and fluctuant at first, but 
ultimately grew tense and firmly resisted pres- 
sure. After these initial observations the 
abdomen was closed but was reopened in from 
2 to 4 hours, unless meanwhile the animal had 
died. At the end of this time, in surviving 
animals the untreated ‘‘horn”’ was found to 
be normal, whereas the affected ‘‘horn”’ was 
a deep purple in color, was enlarged about 
twice its former size and was quiescent, mus- 
cular contractions having ceased. When 
incised the uterine cavity was found filled 
with blood which surrounded the unruptured 
foetal sacs; the placente were partially or 
completely separated from their attachment; 
and minute extravasations of blood were visi- 
ble in the myometrium. Hemorrhage and 


Fig. 6. Cross section of uterine wall from the pregnant 
rabbit after experimental ligation of the uterine and ova- 
rian veins. 


shock, apparently, were the cause of death in 
the animals which did not survive the experi- 
mental ligature of the veins. 

Microscopic sections from a number of 
zones in the distended uterine horn demon- 
strated that the mesometric veins, the decid- 
ual sinuses, and the intervillous spaces were 
engorged with blood; hemorrhagic extravasa- 
tions also were common in the decidua. At 
various points the uterine wall presented 
similar extravasations, as well as dissociation 
of the muscle-fibers; blood-clots intervened 
between the placenta and its attachment to 
the uterine wall. Obviously, these are the 
same lesions as those found in women suffer- 
ing from this complication of pregnancy. 

The experimental reproduction of premature 
separation of the placenta, then, has been ac- 
complished by ligating the veins which con- 
duct the blood from one side of the bicornuate 
uterus, and the minute resemblance between 
the experimental lesions and those due to 
natural causes indicates the existence of iden- 
tical etiological factors in both cases. What 
blocks the veins in human pregnancy occasion- 
ally is still a matter of speculation, but the 
autopsy findings in two cases which have been 
put on record bear directly upon this problem. 
Thrombosis of both ovarian veins has been 
described by Young in a case of premature 
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placental separation, and in this instance 
there were also hemorrhagic lesions in the 
myometrium. Blocking of the veins by 
thrombi, however, has not been mentioned in 
the reports of other cases and, therefore, 
broad significance cannot be ascribed .to this 
etiological factor. 

Of more importance, however, are the find- 
ings in a case recorded by Glinski. His pa- 
tient, a woman far advanced in her ninth 
pregnancy, was suddenly seized with severe 
abdominal pain and died before surgical 
treatment could be attempted. At autopsy, 
the uterus, deeply cyanotic and with a rela- 
tively long cervix, was found rotated out of 
its normal position, 270° to the right. The 
uterine cavity contained fluid and clotted 
blood; the attachment of the placenta was 
partially broken; the myometrium was purple 
and there was venous engorgement of a notable 
degree. In this instance the circulatory dis- 
turbance, obviously, depended upon a mechan- 
ical factor which in all probability has a wide 
application, for the complication in question 
is predominant in multiparous women with 
relaxation of the abdominal wall. 

Inadequate support on account of toneless 
recti muscles or of a diastasis between them, 
clearly permits greater mobility of the preg- 
nant uterus and consequently there is oppor- 
tunity for an unusual degree of torsion or for 
the assumption of other unfavorable positions. 
In these circumstances stretching or kinking 
of the blood-vessels in the broad ligament may 
interfere with the circulation. Since the veins 
have thinner walls, they would suffer constric- 
tion earlier and more completely than the 
arteries. ‘This assumption, furthermore, has 
the support of the experimental results, for 
the specific circulatory disturbance which 
caused organic lesions like those in women 
depended upon a constriction of the veins. 

From the viewpoint of practice this demon- 
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stration of the underlying cause of premature 
separation of the placenta indicates that more 
attention should be paid to the nature of the 
support which the abdominal wall affords 
the pregnant uterus, especially in the case of 
multiparous women. If there is relaxation 
of the abdominal wall and consequently 
excessive mobility of the uterus favoring tor- 
sion or movements of other kinds likely to 
interfere with the circulation, the uterus 
should be supported and stabilized by a suit- 
able abdominal binder. This precaution, 
not unlikely, will go far toward reducing the 
frequency of cases of premature placental 
separation, 
CONCLUSIONS 

Acute distention of the uterine cavity does 
not provoke the lesions of the myometrium 
associated with premature separation of the 
normally implanted placenta. The underly- 
ing cause of this complication is an obstruc- 
tion to the circulation of blood through the 
uterus. When this is provoked artificially 
in pregnant rabbits by ligating the veins of 
one horn of the bicornuate uterus, the result- 
ing pathological lesions duplicate those found 
in women suffering from this complication of 
pregnancy. The “untreated horn” remains 
normal. Probably, an excessive mobility of 
the human uterus predisposes to a similar, 
though spontaneous, constriction of the veins 
in the broad ligaments of women advanced in 
pregnancy; and consequently closer attention 
should be given to the degree of support the 
abdominal wall affords the uterus, especially 
in multiparous women. 
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OBSERVATIONS ON WAR WOUNDS OF THE KNEE-JOINT AMONG 
FRENCH SOLDIERS 


By J. R. JUDD, M.D., F.A.C.S., HonotuLtu, Hawan 


sk: following paper is based on personal 


experience among French wounded 
extending over a year combined with 
observations of ideas and methods practiced 
by French surgeons. The last word in knee- 
joint war surgery has by no means been said 
and this contribution does not attempt to 
exhaust this important subject. These ob- 
servations are presented with the hope that 
they may be of value not only from a military 
standpoint, but that deductions may be 
made, which will be useful in surgery of civil 
life. 
INTRODUCTION 
Since the beginning of the war, ideas as to 
treatment of wounds of the knee-joint may 
be said to have passed through three stages. 
The first stage was that of conservatism. 
The first aid dressing was applied, the 
wounded man was evacuated to the rear 
and was received with a suppurative arthritis 
for which he was treated by arthrotomy with 
the well-known bad results. The second 
period was the period of radicalism. Better 
equipment at the front permitted radical 
surgery to be undertaken. Immediate re- 
section was advised and performed. Limbs 
and lives were saved but the fear of sup- 
purative arthritis caused many excisions of 
bone and resulting mutilation. In the third 
period of today, the improvement of surgical 
equipment and experience permits a more 
rational and conservative line of treatment. 
Wounds of the knee-joint in this war occu- 
pies the same importance that has existed 
for this class of wounds throughout the 
history of surgery. Wounds of this articula- 
tion exhibit the same gravity that they do 
in civil life, but, owing to the better resisting 
powers of the patient, the results obtained 
are probably better in war surgery provided 
the patient receives early treatment. The 
resisting powers of a soldier are far superior 
to that of the average civil patient. The age, 
the exclusion of weaklings and diseased, the 


months of open-air life with absence of dis- 
sipation result in thé average soldier in the 
trenches being able to stand traumatisms in a 
remarkable marmmer. To _ counterbalance 
these factors must be considered the often 
dirty condition of the soldier’s skin and 
clothing and the length of time that must 
elapse between the receipt of injury and the 
institution of proper treatment. 

The gravity of knee wounds has been con- 
sidered as due to rapid absorptive powers of 
the extensive joint synovia. But the early 
changes of infection transform the synovia 
into a suppurating membrane which early 
loses it synovial quality and powers of ab- 
sorption. More probably the most important 
factor in the gravity of knee infection is the 
complex structure of the joint which allows 
the secretions to accumulate and prevents 
drainage. This is illustrated by the fact that 
often the worst cases are those in which the 
joint has been wounded through a small open- 
ing, whereas when the joint has been opened 
by a large wound allowing free drainage, the 
progress of the case is more favorable. 

The synovia possesses a real power of 
defense which varies considerably in individ- 
uals. There are a certain number of cases 
even when the projectile is included that 
comport themselves aseptically. Duval has 
noted that the joint fluid was sterile a number 
of hours after receipt of injury although the 
projectile present gave a positive culture. 
He suggests the possibility of a “‘free inter- 
val”’ in wounds of the knee during which time 
the joint rests aseptic although harboring a 
septic foreign body. 

The ankylosing tendencies of individuals 
varies likewise as the powers of synovial resist- 
ance. There are those who do not ankylose 
readily, those who ankylose early and rapidly, 
and those who ankylose slowly and insidu- 
ously. Chaput has noted the following: 

1. Tuberculous cases never ankylose by 
immobilization of sound joints. 


. 
3 ‘ 


140 


SURGERY, GYNECOLOGY AND OBSTETRICS 


Fig. 1. 
Fig. 1. Shows shrapnel ball in joint and safety pins 


attached to drainage tube. 
Fig. 2. Shows projectile penetrating joint. 


2. Ordinary subjects only ankylose be- 
cause of infections or hemiarthrosis long 
immobilized. 

3. A small minority ankylose rapidly and 
early even when the articulations are sound. 
A contusion of the wrist followed by ankylosis 
of fingers and elbow illustrates this type. To 
this class of cases he gives the name of “anky- 
lophiles.”’ 

Mauclaire reports a case of infection of the 
knee drained for one month by a large tube 
traversing the joint under the patella. Re- 
covery resulted with two-thirds movement 
of the joint. 

The following notes illustrate the 
tolerance that may be met with. 


joint 


An Algerian soldier was wounded September 25 
by a shrapnel ball entering the knee-joint. At the 
front, two lateral incisions were made and a drainage 
tube, the size of a finger, was inserted through the 
joint beneath the patella. After five days, during 
which time he was transported by ambulances 
and underwent a railroad journey of sixteen hours, 
he arrived at the hospital. An X-ray plate showed 
the ball as seen in Figure 1. As the temperature 
was normal, the tube was removed and the arthrot- 
omy wounds allowed to heal. The joint showed 
some fluid present but there was no pain or tem- 
perature. On October 26, as the swelling had sub- 
sided, the ball was removed through an incision 
on the outer side of the patella. There was primary 
union November 3, and the patient is out of bed 
and walks with a cane. He was discharged Novem- 
ber 23 with perfect use of the joint. 


Fig. 2. 


Fig. 3 
Fig. 3. Projectiles have penetrated the capsule, con- 
tusing the synovial membrane. 


OCCURRENCE 

The knee-joint is more frequently wounded 
than any other joint of the body. According 
to Delorme, knee-joint wounds comprise one- 
third of all joint wounds and 3 per cent of all 
wounds. Leriche states that two-thirds, if 
not more, of thigh amputations that he 
has seen at retiring boards have been due to 
lesions of the knee. 

Of a total of 7,223 wounded received by 
Depage, 124 were knee-joint lesions. It is 
noticeable that injuries of the knee involving 
fracture of the patella are more common since 
the introduction of grenades and bombs used 
at close range in trench warfare. 


MORTALITY 


A comparison of the mortality of the great 
war with other wars is interesting. Chenu’s 
figures from the Franco-Prussian War gave a 
mortality of 93 per cent in 102 cases. As 
late as 1878 Ashurst wrote in his Principles 
and Practice of Surgery: “The rule should 
be regarded as imperative that every gun- 
shot fracture of the knee-joint is a case for 
amputation.” According to Borden the 
mortality in the Civil War was 53.7 per cent. 
Franco-Prussian War 48.9 per cent, Japanese- 
Chinese War 25 per cent, Spanish-American 
War 5.5 per cent, Boer War 4.2 per cent. 

Statistics of the French army have not 
been officially published and information on 


Fig. 4 (at left). 
membrane. 
Fig. 5. 
of patella. 


this subject must be gained from reports of 
individual surgeons. Duval places the mor- 
tality of 58 cases of suppurative arthritis of 
the knee at 27 per cent. Martin reports 26 per 
cent mortality inaseries of 30 cases. Schwartz 
and Mocquot report 11 cases with 2 deaths, 
and Monod reports 144 cases with g deaths, 
four of these succumbing at once on account 
of multiple wounds. Rouvillois from an 
automobile ambulance reports in 197 cases 
of knee-joint wounds a mortality of 17 per 
cent, later reduced by improved methods of 
treatment to 6.2 per cent. Grégoire has 
recently reported the remarkable success of 
102 cases of knee-joint wounds with and with- 
out bony involvement, with only one death. 
It is certain that the heavy mortality of the 
earlier months of the war has been materially 
reduced. 


CLASSIFICATION AND VARIETIES 

Wounds of the knee-joint may be simply 
classified as follows: 

I. Wounds without bony lesions. 

II. Wounds with bony lesions. 

1. Wounds without bony lesions are caused 
usually by bullets or shrapnel balls, less often 
by a piece of shell, bomb or grenade and 
rarely by a bayonet. A rare case that came 
to my notice was one in which a soldier suf- 
fered from a penetrating wound of the knee- 
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Projectile partly in joint lacerating synovial 


Perforation of femur by bullet just above upper margin 


joint caused by a piece of his comrade’s 
skull being driven into his knee by a shell 
explosion. The articulation may be traversed 
by the projectile without touching any bone. 
The shoulder is the only other joint where 
this is anatomically possible. Joints so 
wounded show the distention of hemiarthro- 
sis and bloody synovial fluid discharges from 
the orifices. The projectile may penetrate 
into the joint and remain there, or the skin 
and capsule may be penetrated and a small 
contusion or laceration of the synovial mem- 
brane be caused with resulting effusion into 
the joint. 

The articular area may show a wound of 
entrance but no wound of exit. Whether 
the joint itself is involved must be deter- 
mined. Inspection of the wound will often 
determine this or the characteristic discharge 
of bloody synovial fluid. The X-ray ex- 
amination is most useful and important. An 
intra-articular projectile usually causes in- 
fection but infection may be escaped. A 
small foreign body that has not been noticed 
may cause a slow form of chronic arthritis 
called pseudo tumor albus which has been 
recognized by many surgeons. The clinical 
features of “white swelling” appear slowly 
after several weeks. There is swelling of the 
joint, thickening of the tissues with slight 
amount of fluid present. Muscular atrophy 
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Fig. 6. 


Fig. 6. Bullet wound fracture of lower end of femur. 
Bullet lying in joint. 

Fig. 7. Fracture of tibia with fissure extending into 
joint. Infection of joint developed 23 days after injury. 


appears early and ankylosis always results 
even if the foreign body is removed. 

II. Wounds of the knee with bony lesions. 
These may be classified according to the 
degree of the injury as follows: 

1. Wounds by rifle ball traversing the bone. 
The small wounds of entrance and exit are 
present, the reaction is slight and the out- 
come favorable. 

2. Wounds with limited epiphyseal lesions. 
In these cases there are separation and division 
of the cartilages, fissures of the epiphysis, 
fractures with or without displacement. 
The wounds are caused by a bullet which has 
ricocheted, pieces of shell or grenade and 
are nearly always infected. Sometimes they 
may show a subacute form going on to 
ankylosis. 

Lesions of the epiphysis accompanied by 
slight fissures penetrating the articulation 
are important because they are often over- 
looked. The joint does not show reaction at 
first and the examination of the X-ray plate 
does not reveal any fissure extending to the 
articular surface. The first symptoms that 
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Fig. 7. 
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Fig. 8. 


Fig. 8. Fracture of fibula with unrecognized fissure 
extending into joint resulting in infection of knee 24 days 
after receipt of injury. 


may be noted are sudden rise of temperature, 
pain, and swelling of the joint. In any case 
where the fracture is near the joint, an in- 
volvement of the articulation should be sus- 
pected. X-ray plates should be taken in 
different positions. When the fissure extends 
into the joint, the articulation is almost sure 
to become infected. 

A typical case illustrating the gravity of 
fracture with fissure extending into the joint 
is here recorded. 

A soldier, wounded July 1 by a piece of shell, was 
admitted to the hospital July 5 with an infected com- 
pound fracture of the tibia. There was no apparent 
involvement of the joint. X-ray findings are shown 
in Figure 7. The wound was opened up widely and 
treated by tube drainage and irrigation. Progress 
was favorable until July 24, when there was a sud- 
den rise of temperature accompanied by pain and 
swelling of the knee. Arthrotomy was performed 
on the same day and a quantity of thin pus was 
evacuated. Tube drainage and irrigations. The 
temperature became normal August 14, and further 
progress resulted in ankylosis. 


A résumé of a second case is as follows: 


A soldier was wounded July 6 by a grenade. He 
entered the hospital July 10 with a compound 
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Fig. 9. 
Fig. 9. Wound with extensive bony lesions followed 
_ by ankylosis. 
Fig. 10. Fracture involving articulation followed by 


infection of ankle-joint 25 days later. 


fracture of the upper end of the fibula with in- 
volvement of the external popliteal nerve. Ex- 
amination and X-ray findings (Fig. 8) showed ap- 
parently no involvement of the knee-joint. On 
July 30, suddenly symptoms of joint infection 
appeared. Arthrotomy was followed by a favorable 
progress to ankylosis. 

3. Wounds with extensive bony lesions 
and comminution. These wounds are caused 
by’ bullets fired at close range or by shell. 
The lesions of the soft parts are more or less 
extensive and there is comminution of the 
epiphyses with free bony fragments in the 
soft part or in the joint cavity. Fissures may 
extend along the diaphysis and into the medul- 
lary cavity. The destruction of bone varies 
in degree to pulverization of the epiphysis 
into a bony mass. Damage to the main blood- 
vessels and nerves is encountered. These 
cases are of extreme gravity and the sequel 
is usually loss of life or limb or extensive loss 
of bone. 

The classification may also be made accord- 
ing to the bone affected. The fracture may 
be limited to the patella, or to the tibia or 
femur or to any combination of the three 
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Fig. 11. 
Fig. 11. Suppurative arthritis of knee which was fol- 


lowed by an infection of the ankle-joint 78 days after 
receipt of injury. 


bones. Makins has described a condition 
which he calls vibration synovitis. ‘The 
occurrence of considerable synovial effusion 
into the joints of limbs in which the articula- 
tion was primarily untouched. They were 
apparently the direct result of vibratory con- 
cussion of the entire limb dependent on the 
blow received by the bullet.”” This condition 
is not recognized by the French surgeons as 
far as my observation goes. 


COMPLICATIONS 

The complications are primary and secon- 
dary hemorrhage, nerve injury and _ in- 
fections. 

Severe or fatal hemorrhage may result 
from injury of the main blood-vessels by the 
projectile or by bony spicules. Secondary 
hemorrhage from ulceration of the arteries 
may occur. This is usually an open bleeding 
and limited to smaller blood-vessels. It may 
occur in the course of an artery surrounded 
by muscles as was seen in one case where 
the posterior tibial artery became involved 
in a periarthritic suppuration with resulting 
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Fig. 12 (at left). 
joint function. 


Fig. 13. 


ulceration and extensive intramuscular haem- 
orrhage. 

On account of the proximity of the sciatic 
nerve, lesions of this nerve would be expected 
to be frequent but they are surprisingly un- 
common. 

Infection and septicemia are common, 
especially in cases not treated early. Gas 
gangrene is sometimes encountered. Meta- 
static infection of the ankle-joint of the same 
leg sometimes occurs and the presence of 
pain in the ankle should lead to an immediate 
investigation. A suppurative process in the 
ankle-joint is a severe addition to the strain 
on the patient’s resisting powers, and often 
decides the question of amputation. ‘This 
formidable complication may occur in the 
later stages of a suppurative arthritis of the 
knee when the patient is apparently doing 
well. 

This complication is illustrated by notes of 
two cases. 


A soldier was wounded July 2 by mitrailleuse. 
There was a fracture at the upper end of the tibia 
extending into joint. The bullet was removed and 
the joint drained. The patient entered the hospital 
July 18. He was treated by continuous irrigation. 
On July 27, symptoms of infection of the ankle-joint 
appeared. This was treated by removal of the 
astragalus for drainage with satisfactory results. 


The second case was remarkable for the 
length of time that elapsed before the in- 
volvement of the ankle developed. 


Fracture of patella by bullet. 


Piece of shell embedded in epiphysis not interfering with 


A soldier was wounded January 29 by a bomb. 
He had a penetrating wound of the knee-joint and 
multiple wounds of legs and back. There was con- 
siderable hemorrhage. Arthrotomy was done. 
The course was febrile and the patient very anemic 
and feeble. On April 16 after the discharge from 
the knee had ceased for some time and ankylosis 
was apparently progressing favorably, suddenly 
evidences of infection of the ankle-joint appeared. 
Amputation at lower third of thigh was performed 
on account of critical condition. 


DIAGNOSIS 


The location of the wounds, the discharge 
of bloody fluid, and the effusion into the syno- 
vial cavity are important points in diagnosis. 
In case of doubt as to whether the fluid pres- 
ent is due to a hemiarthrosis or an infection 
of the synovia, an exploratory puncture may 
be made with a Luer or Pravaz syringe and 
the fluid examined. A leucocyte count is of 
value. 

The symptoms of pain, swelling, and rise 
of temperature are not conclusive of in- 
fection. An injured knee is always painful. 
There is spontaneous pain and pain on active 
and passive motion. Swelling may be absent 
because the extent of the wound allows the 
fluid to drain off as fast as it accumulates. 
The swelling may be due to synovial fluid, 
blood, or pus. Fever is almost always present, 
even an elevation of 2 to 4 degrees when no 
suppuration develops. 

Radioscopy discloses metallic foreign bod- 
ies, their number, size, and situation, and 
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Fig. 14. 


Fig. 14. Arthrotomy by median incision splitting 
cul-de-sac and patella. 
Fig. 15. Complete removal of patella. 


with practice the surgeon can decide whether 
or not they are in the synovial cavity. But 
foreign bodies non-metallic, such as pieces of 
cloth, are not shown, also certain lesions as 
injuries of the articular cartilages, menisci, 
fissures and partial fractures without dis- 
placement. Radiography is superior to radios- 
copy, as metallic foreign bodies are shown 
more exactly and partial fractures and 
fissures. The roentgenograph should be taken 
both in the anteroposterior and _ lateral 
aspects. 

TREATMENT 

One of the difficulties in arriving at con- 
clusions as to the best method of treatment 
is that individual surgeons seldom have the 
opportunity to follow a case throughout its 
clinical course. For this reason great dif- 
ferences of opinion and some confusion have 
existed as to the value of different pro- 
cedures. The surgeon at the rear receives the 
wounded several days after they have been 
operated on at the front, and his unacquain- 
tance with the original conditions may cause 
disapproval of the measures undertaken. 
The cases which are rapidly fatal and the 
lesions of the amputated cases are not seen at 
the rear. Those cases that arrive there are 
those that are able to withstand the journey. 
The type received represent the lesions of 


Fig. 15. 


Fig. 16. 
Fig. 16. Shortening of 12 centimeters following hemi- 
resection. 


limited severity and from this develops the 
idea of the comparative benignity of knee 
infections. 

Leriche says: ‘‘No rational plan of joint 
surgery in war can be formulated unless the 
exact locality where one operates is indicated 
in considering intervention. A line of treat- 
ment appearing conservative at the rear is 
insufficient at the front and a conservative 
operation at the front appears too radical 
at the rear.”” Leriche gives the following in- 
teresting data: Among 1215 wounded, 908 
were sent back from the extreme front and 
307, or about one-fourth, were held in the 
zone of combat for immediate intervention. 
Of the 908 who were judged ‘‘evacuable,” 
none left the zone of the army until the even- 
ing of the day after they were wounded and 
then after passing further examination which 
resulted in retaining a large number on 
account of the aggravation of their wounds. 
Of the 307 wounded retained in the zone of 
combat for immediate intervention, one- 
third presented articular lesions. 

Out of the mass of divergent views as to the 
proper treatment of these joint injuries 
emerges a fundamental principle agreed to by 
all. This principle rules all war surgery and is 
early intervention with removal of the in- 
fecting projectile and other foreign bodies. 
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Fig. 17. Leg suspended by a Blake splint. 

As to the extent of primary intervention 
individual views vary considerably, but the 
early conservatism followed by reactionary 
radicalism involving the sacrifice of too much 
bone has been succeeded by a rational, scien- 
tific, and efficient line of treatment. 

1. Removal of foreign bodies. All intra- 
articular foreign bodies should be removed 
without delay. This is not only on account 
of infection but in order to preserve the func- 
tion as a joint harboring a projectile cannot 
functionate properly. A projectile buried in 
an epiphysis should be removed if infection 
is present. When it is embedded in the bone 
and there is no splintering or infection, it 
may be well tolerated and may be left in situ. 
If, later on, it gives rise to trouble it may be 
removed secondarily when its removal would 
not endanger the risk of infecting the joint. 
Figure 12 illustrates a case of this nature 
where the projectile was well tolerated and 
did not interfere with the functions of the 
joint. 

2. Treatment of hemiarthrosis without bony 
lesions or foreign bodies. This class of cases 
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is best treated by evacuating the contents by 
puncture, compression, and immobilization. 
Where there are slight bony lesions caused by 
a ball which has completely traversed the 
joint, the same treatment should be em- 
ployed. The injection of 2 per cent formalin 
glycerine solution has been used but is not 
generally employed. 

3. Treatment of patella injuries. Loose 
fragments should be removed as much sub- 
periosteally as possible. If there is a fair 
prospect of aseptic healing, large fragments 
may be brought together by a catgut peri- 
osteal suture. In cases of extensive comminu- 
tion, the entire patella may be removed 
subperiosteally, closing off the synovial mem- 
brane as well as possible. The loss of the 
patella, provided the healing of the wound 
progresses favorably, does not necessarily 
prevent a good functional result. 

4. Arthrotomy versus resection. It is in 
the decision as to the best treatment of 
wounds with bony lesions that there has 
existed the greatest divergence of individual 
opinion. 

Marion laid down the rule that it is per- 
missible to remove articular fragments com- 
pletely detached, but it is forbidden to 
excise bony fragments or to do typical resec- 
tions. On the other hand Leriche teaches: 
‘A fracture destroying the joint stability 
ought to be treated by immediate resection, 
because at this time this operation early re- 
moves the source of infection and later it 
safeguards the future function. For the knee, 
this course alone guarantees a good equilib- 
rium of the limb, a fundamental condition 
for future use.” 

Cotte says: “For bony lesions passing 
beyond the depths of the cartilage or the cor- 
tex of the bone and when it is impossible to 
exclude the synovia, primary resection causes 
less risk to the patient and permits him to 
recover in the best condition. Arthrotomy 
should be limited to wounds cf the synovia 
and for removal of the projectile.” 

Depage says: ‘“‘We practice arthrotomy 
and install.the Carrel method when the bony 
lesions are not too extensive; if on the con- 
tray these lesions are serious, we resect at 
once.”’ 
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Those holding the more radical views claim 
that: 

1. Arthrotomy should be considered an 
exploratory procedure and a procedure for 
extraction of the projectile. 

2. Removal of bony splinters and pieces 
of cartilage should follow arthrotomy in 
cases where there is a minimum bony le- 
sion. 

3. Primary resection is indicated if there 
is a fracture of the epiphyseal border, if a 
fragment is detached or there are bony 
splinters to any marked degree. A_ sub- 
periosteal resection should be employed with 
preservation of the periosteum, capsule, and 
tendinous insertions. 

4. Removal of fragments may give good 
results but it is only in exceptional cases and 
under favorable circumstances. 

5. Resection is necessary in order to re- 
move the source of infection, provide proper 
drainage, and to ensure a good orthopedic 
result. 

6. Bad results from primary resection are 
attributed to improper methods of perform- 
ing the operation. 

The more conservative argue that removal 
of the splinters and fragments is the more con- 
servative procedure and that resection is un- 
necessary and too mutilating. 

In the secondary stages when the wounded 
are received in a febrile condition: 

1. Arthrotomy is applicable to simple 
synovial lesions for removal of the foreign 
bodies and for providing drainage and for 
arthritic suppurations kept up by a superficial 
bony lesion. 

2. Resection is necessary when there is 
fracture and infection and should be per- 
formed at once. This removes the focus of 
infection which is more osteomyelitic than 
articular. For suppurative arthritis without 
bony lesions, resection is useless. 

Indicating the proportion of cases in which 
resection was deemed necessary, Rouvillois 
reported 197 cases of wounds of the knee in 
which only 11 or 5.5 per cent were resected 
primarily. 

5. Methods of arthrotomy. ‘The classical 
arthrotomy by incisions on each side of the 
patella, have been modified in various ways: 
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Fig. 18. Plaster-of-Paris splint with metal bridge used 
after resection. 


1. By a horse-shoe incision dividing the 
ligamentum patella and laying back a flap 
in which the patella is included. 

2. The arthrotomy of Ollier. This com- 
prises in addition to two lateral incisions one 
on each side of the patella, two posterolateral 
incisions anterior to the hamstring tendons. 
Drains are passed between the two incisions 
on the same side. A fifth incision through the 
popliteal space may be added. 

3. Chaput recommends removal of the 
patella. 

4. Fieux opens the cul-de-sac by a crucial 
incision and turns back the corners of the 
flap and holds them in place by sutures. 

5. Delbet has suggested complete section 
of the lateral ligaments which with con- 
tinuous traction, opens up the joint and 
allows drainage. 

6. Jaboulay splits the cul-de-sac and 
elevates the limb to an angle of 45 degrees. 

7. At the Juilly hospital of the American 
Ambulance, the following method was prac- 
ticed with satisfactory results. The patella, 
ligament, and cul-de-sac were divided in the 
median line from the tibial tubercle to the 
upper limits of the cul-de-sac. Lateral ac- 
cessory incisions were made and drainage 
tubes inserted on each side. The two halves 
of the patella were held apart by short pieces 
of wire. The thigh and lower leg were then 
encased in plaster of Paris, the knee area 
bridged over by metal bands or meshes of 
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Fig. 19. Non-union 5 months after hemiresection. 
Same case as Fig. 16. 
wire, the ends of which were incorporated in 
the circular plaster splints above and below 
the knee. The patient was kept on his abdo- 
men a good part of the 24 hours and by this 
dependent position and the wide incision, 
free drainage was maintained. The two halves 
of the patella were allowed to come together 
as improvement progressed and finally healed 
solidly. The result was a firm ankylosis with- 
out impairment of the quadriceps. 

Drainage of the joint by laying open the 
articulation by a curved incision and main- 
taining the limb in a flexed position as recom- 
mended by Peck and others has not come un- 
der my observation. Perhaps the difficulties 
of transportation with the limb in the flexed 
position have prevented this method from 
being employed. 

The use of rubber tubes traversing the 
joint is not generally approved. They act 
as foreign bodies and adhesions rapidly form 
about them. The tubes also readily become 
blocked with fibrinous membrane which 
prevents drainage. 

Sometimes drainage is placed through the 
popliteal space, but there is danger of secon- 
dary hemorrhage, and this procedure is not 
recommended. Incisions in this region should 
be restricted to search for a projectile and 
not for drainage. 

In the after-treatment the gutter splint 
or plaster of Paris with metal bridges across 
the joint are used. The Blake splint is easy 
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to apply, very comfortable and by its use 
the parts can be kept clean in a satisfactory 
manner as the limb is suspended. 

For irrigation of the joint various solutions 
are used. Saline solution, peroxide of hy- 
drogen, formaldehyde, carbolic, sublimate, 
chloride of magnesium, 12.1:1000 and Da- 
kin’s solution. These solutions are used 
intermittently or continuously. With in- 
creasing experience, Dakin’s solution is be- 
coming more and more favored. Chloride 
of magnesium has many partisans. 

6. Method of resection. The incision usual- 
ly employed is the curved horseshoe incision 
or the H-shaped incision. The joint is opened, 
the clots evacuated, and the periosteum 
stripped back. The patella is considered 
more harmful than useful and is usually re- 
moved, preserving as much of the periosteum 
as possible. The synovial membrane is dis- 
sected out with forceps and scissors. The 
bony section is then made with the saw. 
This section may cross some fissures but no 
trouble from them need be apprehended. 
The femur and tibia may be held together 
by metallic sutures but these are not neces- 
sary. Drainage is provided and the quadri- 
ceps tendon and capsule carefully sutured. 

Immobilization is secured by a posterior 
plaster gutter splint extending from the 
groin and including the foot. A posterior 
wooden splint with a foot-piece may be 
employed. If a plaster cast with bridges of 
metal is used, a small posterior splint must 
be added to maintain the bony position and 
prevent posterior displacement of the tibia. 

The classical resection is generally recom- 
mended. In order to preserve as much of the 
length of the limb as possible in cases where 
the lesion is limited to the femur, the section 
of the tibia may be limited to the removal of 
the layer of cartilage to a depth of a centi- 
meter and barely touching the bony tissue. 
Some attempts at partial resection have 
been made but the orthopedic results are 
usually poor, as removal of one condyle 
causes subsequent deviation of the limb. 
Hemiresection is not regarded favorably. The 
apposition of a raw bony surface to an intact 
cartilage produces ankylosis only when the 
cartilage has disappeared as a result of in- 
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flammation. In cases of destruction of the 
lower extremity of the femur and the end of 
the bone projects as a point, this point has 
been successfully implanted into a niche 
hollowed out of the tibial surface. In rare 
cases where the condyle of one side and the 
tuberosity of the opposite side are com- 
minuted, the résection en escalier is indicated. 

The procedure of keeping apart the bones 
by extension, in order to create a cavity, 
is considered a mistake. The raw bony sur- 
faces bathed in pus, offer a surface for septic 
absorption, the spongy tissue becomes in- 
fected and, if septicemia is escaped, union is 
compromised. 

Bad results occur when the bony surfaces 
have not been kept in good apposition and 
improper alignment has resulted; when the 
operation has not been done subperiosteally 
and non-union results; when the extent of the 
femur removed makes union impossible; 
when the operation is done too late or for 
too extensive lesions and amputation is 
indicated. 

Many surgeons testify to the beneficial 
effects of heliotheraphy. The rays of the 
sun act as a stimulant to the tissues. Em- 
bryonal blood-vessels form rapidly, the wound 
assumes a healthier appearance, and there is 
a favorable flow of lymph. Heliotheraphy is 
especially valuable in joint wounds. The 
patient is carried out of doors every day when 
the sun is shining and the wound exposed 
to the rays of the sun for a varying period. 
The practice of exposure of wounds to the 
sun was employed in the days of Julius 
Cesar’s conquest of Gaul. 

7. Indications for amputation. Primary 
amputation is indicated when the bony le- 
sions are so extensive that resection is im- 
possible or dangerous. When the injury in- 
volves the main blood-vessels, when the 
presence of multiple wounds and the general 
condition show that the patient must be 
relieved of the focus of infection, amputation 
must be performed to save life. At times 
when there is an enormous number of wounded 
and proper postoperative care is impossible, 
amputation is indicated. 

Secondary amputation is indicated when 
arthrotomy or resection has failed to arrest 
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the progress of infection. This septic con- 
dition manifests itself by the bad general 
condition of the patient, elevation of tem- 
perature with regular ocillations, albuminuria, 
septic vomiting, or diarrhoea. Local mani- 
festations of an unfavorable character are 
cedema of the ankle of the sound leg, pitting 
on pressure of the affected thigh, abscess 
formation in the thigh, secondary hemor- 
rhages, metastatic infection of the ankle- 
joint, or a rapid involvement of the entire 
limb by a gas gangrene or mixed infection. 


THE NEW ERA OF KNEE-JOINT SURGERY 


Dissatisfaction with past results and the 
evolution of the idea that it is of vital im- 
portance to perform at once the operation 
applicable to the case, have brought about 
an improved and rational method of treat- 
ment of knee wounds in the early stages. 
To Loubat is generally credited the origin of 
the technique. Duval calls the method the 
“laparotomy of the knee.” The operation 
should be carried out as soon as feasible 
after receipt of injury, as follows: 

1. The knee-joint is widely opened by a 
U-shaped incision dividing the ligamentum 
patelle. 

2. The blood clots are evacuated and the 
synovial cavity is flushed out with ether. 

3. The projectiles, loose cartilaginous and 
bony fragments are removed, and the bony 
cavities curetted. 

4. The margins of the perforations of the 
synovia are excised and then sutured with 
catgut. 

5. The joint is completely closed, with- 
out drainage, by a two-layer suture. 

6. The edges of the wounds of entrance 
and exit are excised down to the synovia and 
then sutured. 

This method is to be used only for wounds 
of the joint with or without intra-articular 
fracture, and is not intended for cases with 
extensive bony lesions demanding resection 
or amputation. Duval is convinced that for 
articular injuries treated in this way, early 
drainage will become exceptional and that 
primary resection will be limited to cases of 
extensive injury where no conservatism is 
possible. 


} 

4 

§ 


150 SURGERY, GYNECOLOGY AND OBSTETRICS 


The bacteriological examinations made by 
Faucher showed that the projectile was al- 
ways infected. The bony tissue in contact 
with the projectile always showed infection 
present, but after curettage the pieces of bone 
picked up were sterile. The synovial mem- 
brane around the projectile and surrounding 
the perforation always showed infection. 
The articular fluid was sterile 8 times out of 11. 
In 3 cases, the bacillus perfringens was found. 
The joint fluid has been found sterile 24 hours 
after injury although harboring a septic 
foreign body. This suggests to Duval a “‘free 
interval” in which the joint rests aseptic. 

This method has been employed to a con- 
siderable extent at the front by French sur- 
geons and has been subjected to modifications. 

Alquier has suggested that instead of clos- 
ing the joint tightly which involves a certain 
amount of risk, an arthrotomy be provided. 
One or two stomata are made at the center 
of the cul-de-sac or laterally. Most commonly 
a single stoma is made at the outer side by 
suturing the synovia back to the skin, after 
a short cross cut has been made at the upper 
end of the arthrotomy incision. On the fourth 
or fifth day, if the wound is aseptic, the 
sutures may be removed and the flap stitched 
back into place. 

The lateral incision may be employed when 
there is doubt as to whether the wound is 
penetrating or not and when the X-ray 
examination shows that the projectile and 
bony lesion are superficial. The ‘lateral 
incision may be transformed into the U in- 
cision if one encounters any difficulty in 
extracting the foreign body or in excision of 
the damaged tissues. Sencert summarizes 
the indications as follows: “If the X-ray 
examination shows that a projectile exists 
in the joint laterally at the end of the traject, 
make a lateral incision, retract the wound 
edges and remove the projectile. Excision 
of the margins of the wound caused by the 
projectile and suture, complete the inter- 
vention. If, however, the X-ray examination 
shows several projectiles situated in the joint 
or laterally at the side opposite the orifice of 
entrance, then the U arthrotomy permits a 
complete exposure of the joint and a removal 
of the projectiles etc.” 


In cases where it is decided not to suture 
the joint at once and the articulation is left 
partly or entirely open, compresses are placed 
beneath the patella. These compresses are 
wet with sterilized horse serum, antitetanic 
or antidiphtheritic serum or the serum of 
Leclainche and Vallée. 

The time of secondary closure depends on 
the temperature and the appearance of the 
wound. Usually the time to suture lies be- 
tween the second and eighth day. The 
secondary suture is often followed by a rise 
of temperature for one or two days. 

Following the ‘laparotomy of the knee,” 
a fenestrated plaster-of-Paris splint is applied 
or a metallic gutter splint is used. 

Between the fifteenth and twentieth day, 
sometimes earlier, the apparatus is removed. 
Mobilization is commenced the same day or a 
day or two afterward. The incision should be 
completely healed and fever, swelling, spon- 
taneous pain and pain on pressure should be 
absent. For regaining the function of the 
joint the co-operation of the patient is 
essential. He should be instructed to make 
active contraction of the quadriceps, at first 
without movement, followed by attempts to 
raise the leg in the extended position off 
the bed. Later on he should make slight 
flexion at the knee which he increases pro- 
gressively. The next stage is for him to stand 
on his feet and to walk with a cane, bending 
the knee. As improvement continues, he 
walks up and down stairs and practices 
squatting with heels together. Passive move- 
ments should accompany active movements 
and should be gentle and painless. When 
pain is complained of, movements should be 
stopped at once. Mechanotheraphy is not 
considered essential. When practiced too 
early or by one who has an insufficient knowl- 
edge of the lesions and treatment employed, 
it is apt to provoke pain and inflammatory 
reaction and, instead of combating the joint 
stiffness, increases it. Massage aids in ren- 
dering force and tone to the muscles. 

Treatment of sinuses. The following meth- 
ods are used to avoid sinus formation: 

1. For small, superficial cavities following 
curettage of a bony lesion, the joint is closed 
without regarding them. 
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2. For a superficial cavity, near a fold of 
synovia, the cavity is isolated and made 
extra-articular by suturing the synovia to the 
margins of the cavity. 

3. When the cavity is situated at the 
anterior aspect of the condyles or at the level 
of the trochlear surface, the fatty portion of 
the ligamentum mucosum is fixed into the 
cavity by suture. 

4. For larger cavities located in the spongy 
tissue and surrounded in nearly all its extent 
by bone, Delbet’s paste may be used. The 
composition is: wax, 50 gr.; chloroform 6 ccm.; 
tincture of iodine 6 ccm. 

Sinuses which have formed are treated by 
ordinary methods of curetting and Beck’s 
paste. Some surprising results have been ob- 
tained by the use of the serum of Leclainche 
and Vallée. The serum is injected or a small 
gauze wick soaked in the serum is loosely 
packed into the sinus. A local reaction re- 
sults followed in some cases by the separation 
of a fragment of dead bone and a subsequent 
healing of the tract. 

Results. Depage has made an interesting 
report of his results treated by three different 
methods. In the first period that of arthrot- 
omy, drainage and irrigation, the mortality 
was 13 per cent, suppurations 68 per cent 
and restoration of movement 24 per cent. 
In the second period by the use of Carrel’s 
method the mortality was 3 per cent, sup- 
purations 28 per cent and restoration of 
movement 46 per cent. In the third period, 


‘treatment by the so-called laparotomy, the 


results were no mortality, suppurations 4 per 
cent and restoration of movement 86 per 
cent. Duval has employed this method in 19 
cases with one failure. Mocquot and Monod 
from a study of 68 cases which they have 
followed up, report the following results: 
44 cases restoration of movement, 15 cases 
partial or complete ankylosis, 6 cases re- 
section, 3 cases amputation. Rouvillois from 
an automobile ambulance makes a striking 
comparison. The first 59 cases of knee-joint 
lesions were treated by the earlier method 
of lateral arthrotomy, removal of foreign 
bodies, detached bony, and cartilaginous 
fragments, followed by curettage of the bony 
lesions, the use of drainage tubes and irriga- 


tions of various solutions. The results were 
17 per cent mortality, numerous secondary 
interventions, long delayed healing and anky- 
losis. The second series of cases, 138 in 
number, were treated by the improved 
method with 6.2 per cent mortality. 

Objections to this method have arisen. 
Tuffier reports that in some cases operated 
on and apparently in good condition there 
develops later on an atrophy of the quadriceps 
and a dry arthritis as shown by partial stiff- 
ness and weakness of the knee and creaking 
of the joint. Leriche recommends that the 
knee laparotomy be not employed systemat- 
ically as lateral arthrotomy is preferable 
when it is sufficient. The U arthrotomy 
should, be reserved for difficult or exploratory 
arthrotomies. Grégoire does not favor divi- 
sion of the ligamentum patella as motion on 
the eighth to tenth day cannot be obtained 
when this ligament has been divided. In 
spite of the objections, it is generally conceded 
that the new method gives better results than 
other methods, that there is less mortality, 
fewer amputations, more movable joints 
and less hospitalization. 


SUMMARY 

1. Wounds of the knee-joint in modern 
warfare maintain the same importance and 
gravity that have existed since the birth of 
surgery. 

2. The resisting powers of the synovia and 
ankylosing tendencies vary in individuals. 

3. In the presence of an infected projectile 
and infected joint fluid, the synovia may still 
be uninfected for a certain period. 

4. Fissures extending to the articular 
surface are important and are often unrecog- 
nized. 

5. Secondary infection of the ankle-joint 
sometimes occurs unexpectedly and is a 
grave complication. 

6. The earlier methods of non-interference, 
drainage tubes, and wholesale removal of 
bone have yielded disastrous results. 

7. The mortality has been greatly reduced 
by improved methods of treatment. 

8. Perforating wounds traversing the joint 
should be treated by puncture, compression, 
and immobilization. 
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9. For wounds with foreign bodies in- 
cluded, with or without bony lesions, early 
intervention is the secret of success. 

1o. The new era in knee-joint surgery 
calls for arthrotomy within 48 hours, removal 
of projectile, foreign bodies and loose frag- 
ments, excision of path of projectile, cleans- 
ing of joint and suture without drainage. 

11. Extensive bony} lesions demand _pri- 
mary resection. 


12. It is in the decision as to what cases 
should properly be treated by the new era 
method and what cases demand resection on 
account of the extent of the bony injury, that 
difference of opinion between individual sur- 
geons is bound to exist. 

13. From all points of view vital preserva- 
tion of the limb and its function and duration 
of hospital stay, the results of the improved 
method are vastly superior. 


REMARKS ON DICHLORAMINE-T! 
By EDWARD K. DUNHAM, M.D., New York 


antiseptics, is an aromatic chlora- 

mine containing a little over 29 per 
cent of chlorine. Its systematic name is 
toluenepara sulphondichloramine, and it is 
closely related to chloramine-T, from which 
it differs in having two atoms of chlorine in 
the molecule, instead of one, and no sodium. 
(See graphic formule.) These differences 
are associated with differences in solubility. 
Dichloramine-T is only very slightly soluble 
in water, freely soluble in certain oils; the 
reverse is true of chloramine-T. ‘This prop- 
erty of dichloramine-T is of essential im- 
portance in its use as an antiseptic. For our 
understanding of chlorine antiseptics, and 
their mode of use, we are chiefly indebted to 
Dr. H. D. Dakin. 

The clinical application of dichloramine-T 
in the treatment of wounds will be fully 
described by Dr. Lee, who in collaboration 
with Dr. Sweet, now in France, has been a 
pioneer in developing the technique and who 
has at this time a larger experience in the use 
of this antiseptic than anyone else in this 
country. 

Although the topic assigned to me in this 
discussion is dichloramine-T, it does not 
seem possible to confine these remarks 
wholly to that substance. While its prop- 
erties adapt it to a particular mode of use, 
the principles involved in its action are those 
concerned in the activity of all members of 
the chlorine group of antiseptics, and these 


) an’ one of the newer 


cannot be satisfactorily considered without 
reference to antisepsis in general. I must, 
therefore, beg you to accompany me in a 
brief survey of the whole subject of the 
antiseptic treatment of wounds from the 
laboratory viewpoint. 

Bacteriological studies on antiseptics have 
shown that, even when apparently perfect 
contact is attained, all the bacteria present 
are not equally rapidly killed. Disinfection 
proceeds over a period of time during which 
the amount of disinfection at any given 
moment progressively diminishes. In this 
the phenomenon resembles simple chemical 
reactions between two substances, in all of 
which time is a factor. The rate of disinfec- 
tion varies with the nature of the disinfectant 
and the medium in which it acts. This will 
be illustrated by a few concrete examples 
farther on. 

For successful disinfection, three conditions 
must be met: first, contact of antiseptic with 
infecting organisms; second, time during 
which this contact is maintained; and, third, 
adequate mass, or concentration of the 
antiseptic at the points of contact. 

The matter of contact is of the utmost 
importance, for no antiseptic acts at a dis- 
tance. It can, in consequence, only serve 
as an adjunct to the surgical cleansing of 
those wounds in which the infected portions 
are not exposed to contact with the anti- 
septic application, though some chlorine 
compounds used as antiseptics assist markedly 


1Presented in the symposium on “Antiseptic Treatment of Wounds,” before the Clinical Congress of Surgeons of North America, October 22-26, 1917. 
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P 
24 hrs. 
P= Phenol 
M=Mercuric chloride 
A=<Acriflavine 
9 hrs. 


§ Sodium Hypochlorite, 4 mins. 


A 
7 hrs. | | 
in the dissolution of necrotic tissue and have 
a cleansing action, as will appear. But little 
dependence can be placed upon the power of 


penetration of any known antiseptic, least 
of all when these are chemically unstable in 


§ Chloramine-T, 5 mins. 
! Dichloramine-T, 14 min. 


_the presence of susbtances occurring in 


wounds. 

The questions of time and mass cannot be 
considered in such general terms. They 
depend upon the nature of the antiseptic and 
the conditions of its use. 

There are three things of prime importance 
that should be known about an antiseptic 
before it is chosen as appropriate for a given 
purpose, because the way in which it should 
be used to obtain the best results depends 
upon such knowledge: first, the speed or 
rate of disinfection; second, the stability of 
the substance under the conditions of its use, 
since this affects the duration of disinfection; 
third, the permissible concentration, for this 
determined the mass of antiseptic that can 
advantageously be employed. I invite your 


Speed of Disinfection 


Cl 

Chloramine-T Dichloramine-T 
H 

NH NCl 


attention to a brief discussion of these three 
factors governing the surgeon’s choice. 

The speed of disinfection is enormously 
influenced by the medium in which the anti- 
septic acts. A solution of mercuric chloride, 
for example, may kill a given number of 
bacteria suspended in water within ten 
minutes, and yet fail to sterilize completely 
in three hours a similar suspension in blood 
serum. It is not safe to assume that tests 
made in one medium can give exact informa- 
tion as to antiseptic potency in a different 
medium. The final test of surgical efficiency 
of an antiseptic must be the clinical experience 
in the actual treatment of wounds. The 
conditions in a wound cannot be completely 
reproduced elsewhere. 

But even in identical media, there is a wide 
divergence in the speed with which different 
antiseptics accomplish disinfection. A few 
experiments, results of which are illustrated 
on this chart, may be cited to show this: The 
medium used was selected to simulate in a 
convenient way the chemical character of 
wound secretions. It was a mixture of equal 
parts of blood serum and muscle extract. 
This was abundantly inoculated with staphy- 
lococcus aureus and solutions of various 
antiseptics in concentrations commonly em- 
ployed were added in quantity constituting 
one-third of the final volume. The rate of 
disinfection was followed by estimating the 
surviving organisms at definite intervals of 
time. 

A 2 per cent solution of phenol failed to 
sterilize the mixture in 24 hours, although the 
surviving organisms were only two per 
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thousand of those originally present. Mer- 
curic chloride (1:1000) accomplished the same 
degree of: disinfection in three hours and 
completely sterilized in seven. Acriflavine, a 
dye recently introduced as an antiseptic, 
(3:1000) killed all the bacteria in about nine 
hours. In very sharp contrast to these 
antiseptics, the members of the chlorine 
group were extremely rapid in action. Sodium 
hypochlorite (Dakin’s solution), o.5 per cent, 
completely sterilized in 4 minutes; eusol, 
0.27 per cent and chloramine-T (2 per cent) 
in 5 minutes, and dichloramine-T (2 per 
cent in oil-solution) in less than half a minute 
when well mixed with the septic material. 

Turning to the question of sfability; there 
are numerous forms of instability manifested 
by antiseptics when applied to wounds, such 
as decomposition, precipitation, adsorption, 
changes in electrolytic dissociation, etc. It 
would lead us far afield to consider them all. 
I shall confine myself to members of the 
chlorine group. 

All the compounds of this group have a 
direct chlorinating and an indirect oxidizing 
power. In the presence of substances sus- 
ceptible of chlorination or oxidation by them 
under the conditions present this power is 
brought into play with a corresponding de- 
composition of the antiseptic compound. 
The rapidity with which the antiseptic is 
used up depends upon the speed of these 
reactions and the relative masses of antiseptic 
and other reacting substances present at the 
moment. There are many substances in the 
secretions of wounds which call fcrth and 
participate in such reactions. ‘The deodor- 
izing effect of these antiseptics is evidence of 
one phase of this reactivity, but the changes 
wrought in proteins are the ones to which I 
wish particularly to draw attention, for with 
these the germicidal action is associated. 

Among other linkages in all protein mole- 
cules are certain aminogroups in which 
nitrogen is united to hydrogen. Compounds 
containing ‘‘active” chlorine (as do all the 
antiseptics of this group) part with that 
element in the presence «f protein substances, 
and this chlorine replac the hydrogen in the 
amino radical, cony into a chloramine. 
The change is illustratva on this chart. The 


chlorine thus linked to nitrogen remains 
“‘active” and the protein chloramines possess 
marked antiseptic properties. If, however, 
as also happens, the chlorination results in a 
linkage between carbon and chlorine, the 
latter ceases to be “active” and the com- 
pound, at least with respect to this portion, 
has no antiseptic value. It must not be 
inferred that chlorine in the free state is at 
any time detectable during the foregoing 
reactions. 

All proteins, irrespective of their origin, 
are susceptible to these changes including the 
toxins produced by infection. The chlorine 
antiseptics have a very striking detoxicating 
effect upon wounds, in addition to germicidal 
and deodorant action. This is manifested by 
a fall in temperature in fever due to absorp- 
tion when septic wounds are adequately 
treated with these substances. 

From the foregoing statements, it will be 
evident that the germicidal action of chlorine 
antiseptics is not specific, but is incidental to 
the high reactivity of this group of com- 
pounds. It also becomes obvious that many 
substances are always present in a septic 
wound which destroy antiseptics of this class. 
We have already seen that these reactions 
take place with great rapidity. 

_ The net conclusion is that for the best 
results, which can only be expected when the 
antiseptic action is maintained until disin- 
fection is complete, provision must be made 
for an adequately frequent renewal of the 
antiseptic. I need only refer, at this time, 
to the technique which has been developed to 
accomplish this result in the treatment of 
infected wounds with aqueous solutions of 
hypochlorites. 

The third factor, namely, the permissible 
concentration in which these antiseptics can 
be applied and, therefore, the mass entering 
into the above reactions, can only be deter- 
mined by clinical experience. It is governed 
chiefly by the degree of irritation occasioned 
by the solutions employed, especially upon 
the skin and mucous membranes, as these are 
more susceptible than the deeper tissues. 
With sodium hypochlorite, always neces- 
sarily used in aqueous solution, the limit is 
about one-half of one per cent; with eusol a 
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trifle more than half that strength. Clinical 
experience has shown that solutions of such 
strengths should be renewed at intervals of 
about two hours. It is not probable that any 
hypochlorite remains as such for more than 
a small fraction of that time. When the 
method of intermittent instillation is em- 
ployed, the result is a series of sharp but 
brief antiseptic shocks, tapering off to noth- 
ing through the less rapid action of the 
protein chloramines formed in the early 
moments of maximum chlorination. Chlo- 
ramine-T is far less irritating than the 
hypochlorites and can be used in greater 
concentration. The chlorine is already linked 
to nitrogen which fact appears also to be a 
factor in prolonging the act of disinfection. 

Dichloramine-T occupies an exceptional 
position. It is so slightly soluble in water 
that aqueous solutions must necessarily be 
ineffective, although the reactivity of the 
compound is extremely high. But solutions 
in oil can be used in great concentration, up 
to 20 per cent if need be, thus introducing 
an extraordinary mass of antiseptic at a single 
application. And this abundant and appar- 
ently excessive mass can become efifective, 
without undue irritation, as the following 
considerations show. 

When an oil-solution of dichloramine-T is 


brought into contact with an aqueous me- 
dium, a portion of the active chlorine passes 
from the oil into the latter, and the amount 
so transferred depends upon the character 
of the substances contained in the aqueous 
medium, particularly their ability to take up 
chlorine. Three experiments may be cited 
in illustration: 


A 6.5 per cent solution of dichloramine-T in 
eucalyptol! and pafaffin oil was shaken with, re- 
spectively, equal volumes of normal saline, of muscle 
extract and of blood serum. After standing for 
three hours, the oil was completely separated and 
the active chlorine in the aqueous portion deter- 
mined. The results, expressed in terms of di- 
chloramine-T, were: 1:6000 in the saline; 1:300 in 
the muscle extract, and in the serum, which was 
mostly coagulated, 1:111. 


When proteins are present, and they in- 
variably are in the secretions of wounds, the 
amount of active chlorine transferred from 
the oil solution is amply sufficient for rapid 
action. This is in harmony with the facts 
already presented. Moreover, the action is 
continuous, not intermittent, and the re- 
newal of antiseptic coming into play in the 
secretions is automatic and persists until the 
store in the oil has been exhausted. 

1Since the reading of this paper, it has been found possible to re- 
place chlorinated eucalyptol as a solvent for dichloramine-T with a 


chlorinated paraffin wax, a liquid to which the name ‘‘chlorcosane”’ 
has been given, 


THE USE OF DICHLORAMINE-T IN THE TREATMENT OF INFECTIONS 
AND INFECTED WOUNDS! 


By Lieutenant WALTER E. LEE, M.R.C., aNnD Captain WILLIAM P. FURNESS, M.R.C., PHILADELPHIA 


years at the Hospital of the American 

Ambulance in Paris, has been in 
accord with that of the majority of sur- 
geons who have served in the present war; 
namely, that the chlorine preparations have 
given uniformly better results than all other 
germicidal agents. It was soon found, how- 
ever, that all of the standard hypochlorite 
preparations, as eau de Javal, Labarraque, 
and the eusol solutions were very irritating to 
the skin if used for any length of time. In 
order to minimize this irritation, various 


‘ke experience of nearly two and a half 


Presented in the symposium on “Antiseptic Treatment of Wounds,” before the Clinical Congress of Surgeons of North America, October 22-26, 1917 


modifications of the original formule were 
tried, the most successful of which was that 
of Dakin, a very dilute, neutral, Labarraque 
solution. This neutral hypochlorite solution 
was found to have three inherent faults: 

1. The neutral solution, unlike the original 
Labarraque solution, with its free alkali, was 
very unstable and it was necessary to prepare 
it almost daily. 

2. The dilute 0.48 per cent solution con- 
tained such a very small mass of germicide, 
if the concentration was even slightly lowered, 
e.g. to 0.4 per cent, the germicidal efficiency 
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was so very materially impaired, that it was 
necessary, in order to obtain a maximum 
effect, to have the solution at all times in 
contact with the surface of the wound. 

3. The active chlorine was used up so 
rapidly from the solution when it: came in 
contact with the wound exudate, from seven 
to fifteen minutes, as estimated by Carrel, 
that it was necessary frequently to renew the 
supply of germicide, at least every two hours 
night and day. 

Carrel, Dehelly and Depage gradually 
overcame all these inherent faults of the weak, 
neutral hypochlorite solutions of Dakin and 
Daufresne by developing a beautiful but 
complicated technique for their application. 
And with this technique they were able to 
obtain wonderful results in the treatment of 
infected wounds. 

It is generally conceded that they have 
demonstrated conclusively — 

1. That if infected wounds are treated with the 
same aseptic surgical care that surgeons give to 
clean wounds, very unusual results can be obtained. 

2. That the primary dressing of infections and 
infected wounds should be made a formal aseptic 
operation in which all devitalized and infected tissue 
should be removed with knife, forceps, and scissors 
that it is mechanically practical and anatomically 
justifiable to sacrifice. 

3. That infected wounds so treated can be 
sterilized if the wound surfaces are constantly 
bathed with even such a small mass of germicide as 
is contained in the aqueous hypochlorite solutions. 
This constant immersion can be accomplished by 
Carrel’s complicated hydraulic system of reservoirs 
and tubes. 

4. That when the wound surfaces are practically 
clean, one bacterium per five microscopic fields on 
three successive days, the wound edges may be 
approximated by sutures and union may be expected 
to take place without infection in about 80 per cent 
of the cases. 


Many have had the privilege of seeing the 
work of Carrel and Depage and can personally 
testify to the accuracy of their claims, but the 
indifferent success most of us have had in 
trying to obtain similar results, Carrel, him- 
self, says, is because of our failure to grasp 
and apply the details of the technique. The 
Carrel technique demands an unusual degree 
of painstaking and time-consuming care, not 
peculiar skill, upon the part of the surgeons, 
nurses, and chemist, and the unusual expense 


for both the apparatus and dressing material 
develop difficult problems for the entire per- 
sonnel of even our civil hospitals. It is 
essential, in this technique of Carrel, so to 
prepare the wounds at the primary operation 
that they will act as basins for retaining the 
hypochlorite solution during the period of 
repair. Thus the cardinal principle of sur- 
gery, dependent drainage of infected cavities 
must be abandoned if this treatment is to be 
used. In spite of this, if the wounds are 
subsequently treated with the aqueous hypo- 
chlorites with the infinite care Carrel prac- 
tices, the results will be far better than with 
any other treatment we have used in the past. 
But, if for any reason this perfect hydraulic 
system breaks down, and it is very vulner- 
able, wounds prepared in this way act as 
basins for pus and as has been expressed by 
many military and civil surgeons, such wounds 
give unfortunate results. 

We must not forget in our admiration for 
the Carrel technique, that it was because of 
the severe skin irritation produced by the 
standard hypochlorite preparations that 
Dakin first suggested his modified Labarraque 
solution; and that because of the inherent 
faults of this Dakin solution, instability, the 
very small mass of germicide contained, and 
the rapidity with which it liberated its 
chlorine, it was necessary to develop an un- 
usual technique to make such a solution 
effective in the treatment of infected wounds. 


Or this might be stated in another way, . 


that the Dakin solution and Carrel technique 
represent an effort to modify Labarraque’s 
solution and the method of its application to 
infected wounds in such a way that there will 
be a minimum of the dreaded skin irritation 
produced by the original Labarraque formula. 

These facts were soon realized by Dakin, 
and he started a new search for a more effec- 
tive germicide; if possible a chlorine com- 
pound which would be non-toxic and non- 
irritating to both the surface of the wound 
and to the skin and which could be placed in 
contact with the infection in a menstruum 
that would be capable of containing not only 
the desired mass of germicide but also of 
holding in solution a reserve mass over a long 
period of time. 
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In these investigations, he found that the 
various hypochlorite preparations used in the 
treatment of infected wounds react with 
proteins of any kind, and one of the first 
reactions consists in the amido groups uniting 
with the active chlorine to form substances 
containing the NCL group. 

These products, which belong to the group 
of chloramines, possess marked bactericidal 
properties, and are probably the active 
germicidal agents produced by the hypo- 
chlorites when they come in contact with the 
wound exudate. These chloramines are non- 
irritating to animal cells and this explains the 
absence of irritation in the wounds where the 
irritating, active chlorine of the hypochlorite 
has been changed into chloramines and other 
non-irritating protein derivatives. 

It is quite simple to produce many of these 
chloramines, synthetically. The first one to 
be used was in the form of a sodium salt of 
tolueneparasulphonchloramide or _ chlora- 
mine-T and sold in this country under the 
trade name of chlorazene. This synthetic 
chloramine was non-irritating to the skin and 
could be used in aqueous solutions in 2 and 
4 per cent strengths, but it had the same 
fault as the aqueous hypochlorite in that its 
active chlorine was liberated very rapidly, 
and though the difficulty of the skin irritation 
was obviated, it was still necessary frequently 
to renew the solution as with the aqueous 
hypochlorites. 

Dr. Dakin entrusted to Dr. Joshua A. 


' Sweet and the writer the honor of testing 


the surgical value of another synthetic 
chloramine at the Pennsylvania Hospital, 
tolueneparasulphondichloramine, which he 
called dichloramine-T, and which he had 
been using experimentally in the nasopharynix 
of meningococcic carriers. This preparation 
was first made for us by Dr. Byron M. 
Hendrix at the laboratories of the University 
of Pennsylvania. For the last six months 
Dr. Paul A. Lewis has made in his labo- 
ratories at the Henry Phipps Institute the 
large quantities required for this clinical 
test. Without this co-operation Dr. Lewis’ 
own work would have been impossible and 
we wish to take this opportunity of express- 
ing our obligations. Dissolved in chlorinated 


eucalyptol it could be used in strengths vary- 
ing from 5 to 20 per cent. By using oil as a 
menstruum a large mass of germicide was 
brought to the infection and yet held so firmly 
in solution that it very slowly diffused into 
the surrounding medium for at least as long 
as eighteen to twenty-four hours, and during 
this period a mass of germicide was at all 
times active, which was equal to that given 
off during the first seven to fifteen minutes 
by the hypochlorite solution. 

Theoretically, then, this new chlorine com- 
pound eliminated at the start the chief indica- 
tion or necessity for the Carrel technique; 
skin irritation. With such a solution, it 
should be possible to present to an infection 
an overwhelming mass of germicide, a 20 per 
cent solution of dichloramine being approxi- 
mately 80 times the germicidal mass of a 
0.48 per cent hypochlorite solution. There 
is a vital necessity, when using germicides in 
the treatment of infections, for the earliest 
possible application of an overwhelming 
mass of a rapidly acting agent, because in- 
fection develops in the tissues at the rate of 
geometric progression and not by the slow 
process of addition. Therefore every minute 
counts in the end-result. Dichloramine, with 
a phenol oil coefficient of about 50, can be 
presented in a larger mass without injury to 
the tissue cells than any other germicide we 
have used. Instead of exerting its germi- 
cidal power with explosive rapidity and the 
consequent necessity of frequently renew- 
ing the solution, it would be slowly diffused 
into the surrounding media making it un- 
necessary to renew the solution or to dress the 
wounds more frequently than once in every 
twenty-four hours. 

Five months have elapsed since the writing 
of the first report upon the use of dichloramine- 
T in the treatment of infections and infected 
wounds. We have now the records of 6028 
civil cases in which the germicide has been 
used and of four months work and 1200 cases 
reported by Capt. Joshua Sweet with war 
wounds in the United States Base Hospital 
No. 1o in France. From this clinical ex- 
perience the conclusions tentatively offered 
in our first report have developed into firm 
convictions. 
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3311 cases are reported by Dr. Robert P. Cum- 
mins from the surgical dispensary of the Midvale 
Steel Works. 

2271 cases reported from the Pennsylvania Hos- 
pital from the surgical services of Dr. Robert G. 
LeConte, Francis T. Stewart, and Walter E. Lee, 
and of the work of Dr. Robert C. McIver. - 

207 from the Germantown Hospital in the service 
of Dr. Walter E. Lee and the work of Dr. Robert 
Kelly and Dr. Robert Regester. 

100 cases from the St. Agnes Hospital by Dr. G. 
M. Dorrance. 

50 cases from the Children’s Hospital in the 
service of Dr. Walter E. Lee by Dr. Edgar Christy. 

89 cases from the Jefferson, Lankenau and 
Episcopal Hospitals. 

From the records of 3311 cases at the Midvale 
Steel Works, it has been possible to make a com- 
parison between the efficiency of tincture of iodine 
and dichloramine-T. A period of four and a half 
months in 1916, when iodine was exclusively used, 
was compared with the same period of time in 1917 
when dichloramine-T was used. ‘The results with 
dichloramine-T, were in all respects 60 per cent better 
than with iodine. 

An interesting comparative study was made at 
the Pennsylvania Hospital between the Carrel 
technique and Dakin solution and dichloramine-T 
applied with the technique to be demonstrated on 
the screen. With the working factors as nearly the 
same as it is possible to have them, same surgeon, 
nurses and surgical asepsis and the same class of 
injuries, a total of 157 industrial injuries were treated 
by the Carrel technique and the Dakin hypochlorite 
solution with an average healing time of 14.4 days. 
The succeeding three months, dichloramine-T witha 
simplified technique was used in the treatment of 
281 cases with an average healing time of 10.4 days. 

At the Pennsylvania, Germantown, and Children’s 
Hospitals, there have been 2,528 cases under our 
direct personal supervision. In the 825 cases of 
infection there was but one case in which a localized 
process was not controlled and in which there was a 
secondary involvement of tendon, bone or joint. 
In this group there were 60 cases of bone infection, 
and yet in no instance was it necessary to amputate 
because of infection. There is no doubt that the 
period required for healing has been considerably 
—- that with any other germicide we have 
used. 

There has been a total of 1,651 lacerated and in- 
fected wounds. When mechanically possible, we 
have routinely closed these wounds by suture up to 
six hours after the receipt of the injury, and fre- 
quently as late as twelve hours and always without 
drainage. The wound surfaces have been covered 
with 20 per cent solution of the oil before the sutures 
were inserted. Over 75 per cent of these cases have 
healed without clinical signs of infection. 

There have been 36 cases of extensive burns. 
The unusual comfort to the patient, together with 
the simplicity of the dressing, appeals to the surgeon. 


The time required for healing has been decidedly 
less than obtained by any other means employed, 
and the resulting scars are soft and pliable, and 
very much better than obtained by us with ambrine. 


With dichloramine-T and the simple tech- 
nique, we have been able to obtain as good 
results as we have ever had when using the 
Dakin hypochlorite solutions with the com- 
plicated technique of Carrel. In addition, 
we have found— 

1. That skin irritation will not occur if the 
wounds are not covered with thick occlusive 
dressings. ‘This means the use of the smallest 
possible amount of gauze dressing and band- 
age. 

2. That the small amount of exudate from 
wounds treated with dichloramine makes it 
practical to use these thin dressings, and in 
our dispensary, at the Pennsylvania Hospital, 
there has been a saving of 75 per cent of the 
gauze and bandage formerly used. Further, 
a still greater saving in dressing material and 
time results from the decrease in the number 
of dressings required for each wound, during 
the period of healing. Rarely is it necessary 
to dress a wound, even during the first few 
days, more frequently than once in every 
twenty-four hours, and after that, intervals of 
forty-eight and seventy-two hours are usual. 

3. That dichloramine, unlike the aqueous 
hypochlorite solution, has no effect upon the 
knots of catgut ligatures, and no disinte- 
grating effect upon the catgut itself. The 
occurrence of secondary hemorrhages in 
wounds treated by the Carrel method was 
not uncommon in our experience at the Ameri- 
can Ambulance. Captain Sweet reports that, 
in his 1200 cases of major infected military 
wounds, there was not a single secondary 
hemorrhage. 

4. That too great stress cannot be laid 
upon the value of dichloramine, as a deodorant 
dressing. The absence of the usual disagree- 
able odors in our wards containing cases with 
fecal fistula, has been a general observation. 
During the last two months, it has been used 
routinely in the wards of the Oncological 
Hospital in Philadelphia. Where formerly 
these putrid, sloughing, malignant tissues 
were irrigated every two hours with all kinds 
of solutions with indifferent success in the 
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control of infection and with a persistence of 
the offensive odor, now they are packed 
lightly every forty-eight hours with gauze 
saturated with a 10 per cent solution of 
dichloramine-T. Not only has the odor dis- 
appeared entirely, but the wound infections 
have been controlled. 

That there may be no misunderstanding of 
our position as to the value of germicides in 
the treatment of infections and infected 
wounds, we wish to repeat the concluding 
statement of our first report: 

“One should not depend upon a chemical 


agent to perform, in the treatment of sup- 
purating wounds, that which can and should 
be done quickly and thoroughly by mechani- 
cal means. Neither chemistry nor bacteri- 
ology can or should be expected to replace 
the mechanics of surgery. At the best, these 
chemical germicides can react only on the 
bacteria with which they come in contact, 
which means a very superficial process. 
Therefore, at the primary operation all foci 
of infection and all devitalized tissue must be 
removed when possible, by surgical pro- 
cedures.” 


ASCENDING URINARY INFECTIONS'! 


AN EXPERIMENTAL STUDY 


By VERNON C. DAVID, M.D., Cutcaco 


ENATOR says, “All that causes an 

S inflammation of the lower part of the 

genito-urinary tract, before all a cysti- 

tis, has an etiological bearing on pyelitis 
and pyelonephritis.” 

The routes by which infection might travel 
in reaching the ureter and kidney from the 
bladder are: first, regurgitation of the 
bladder contents through the ureterovesical 
orifice; second, direct extension from the 
bladder through the wall of the ureter; third, 
extension of the infection by way of the 
bladder lymphatics to the ureteral and kidney 
lymphatics; and, lastly, by way of the blood 
stream. 

A brief review of the literature will give 
the evidence gained by clinical, anatomical, 
and experimental work bearing on these 
possible routes of infection. 

In a general work on experimental infec- 
tions of the urinary tract, Rovsing (1) and 
Melchior (2) conclude that (1) experimental 
cystitis could not be produced in animals 
without retention of the urine or trauma to the 
bladder. (2) With retention of urine ex- 
perimentally produced, pyelitis as a rule 
did not result. (3) Trauma to the bladder 
with or without retention of urine produced 
pyelitis and pyelonephritis. 


In 1899 Zeit and Peterson (3), concluded, 
after transplantation of the ureters in the 
intestinal tract in 141 dogs, that infection of 
the kidney eventually took place. No effort 
was made to study the route of infection. 

Guyon and Albarran (4), in 1890, injected 
charcoal into the bladder of dogs, ligated 
the urethra, and found charcoal in the pelvis 
of the kidney in 48 hours. They noted 
pyelitis and pyelonephritis in some of these 
animals. 

Lewin (5) and Lewin and Goldschmidt (6), 
in 1893, working with rabbits, injected milk 
or air into the bladder with moderate intra- 
vesical tension, and observed regurgitation 
of the bladder contents into the ureters. 
Lewin observed regurgitation of colored 
fluids from the bladder to the pelvis of the 
kidney under the same conditions. 

Courtade and Albarran (7), in 1894, 
repeated Lewin and Goldschmidt’s work but 
used dogs and found that regurgitation of 
the bladder contents occurred, but differed 
in their view as to what grade of intravesical 
pressure was most favorable to regurgitation. 

Young (8), in 1898, had six cases of con- 
tracted bladders with cystitis, which he 
dilated by hydraulic pressure, but observed 
no evidence of ascending infection. 


1From the Surgical Department of Rush Medical College. Read before the Chicago Surgical Society, May 4, 1917. (For discussion see p. 244.) 
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Sampson (9), in 1903, transplanted the 
ureter into the unobstructed bladder. Lamp- 
black injected into the bladder never re- 
gurgitated into the ureter. Staphylococci 
injected into the bladder with the lampblack 
resulted in infection of the kidney in three 
instances. In 14 dogs, however, there was 
no reflux of lampblack. The ureterovesical 
junction was cut under the same conditions 
and no reflux of lampblack was observed. 

Draper and Braasch (10), in 1913, cut 
the ureterovesical junction and infected the 
bladder, but no kidney changes were noted. 

Kretschmer (11), in 1916, observed in some 
clinical work in cystography that regurgita- 
tion of the bladder contents into the ureter 
occurred in three normal bladders of ten 
children examined; one normal adult bladder 
and three adult pathological bladders with- 
out dilatation of the ureterovesical orifice 
showed regurgitation of the contents in the 
ureter under the X-ray. 

The direct extension of infection from the 
bladder through the wall of the ureter has 
been seen in tuberculosis and was shown 
experimentally by Bauereisen (12) totake place 
occasionally. 

Eisendrath and Shultz (13) also mentioned 
its occurrence in some of their experimental 
work, although all of these observers believed 
the infection spread along the lymphatics to 
invade the kidney. 

The lymphatics of the urinary tract have 
received careful study from a number of 
competent investigators, beginning with Mas- 
cagni (14) in 1787, who described a lymphatic 
connection between the ureter and kidney 
and glands along the vena cava into which 
they drained. 

Teichman (15), in 1861, and Krause (16), 
in 1876, described lymphatics in the ureteral 
mucosa, but Sappey (17), working with the 
ureters of horses in which the structures were 
gross enough to distinguish more thoroughly 
the capillaries from the lymphatic vessels 
could only demonstrate lymphatics in the 
muscularis of the ureter. 

Gerota (18), in 1897, working with his 
Prussian blue injection material made a 
careful study of the lymphatics of the bladder 
and demonstrated well-defined lymphatics of 
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the muscularis which connected with those 
of the muscularis of the ureter and which 
drained into the hypogastric glands along the 
iliac artery. At first he described lymphatics 
of the mucosa and submucosa but later, 
after further study, concluded that these 
structures were blood capillaries. Gerota 
also studied the ability of the bladder to 
absorb colored materials, both fluid and 
solid, from the intact mucosa of the bladder 
but was unable to demonstrate any positive 
findings. 

Kumita (19), in 1897, and Stahr (20), in 
1900, demonstrated deep and _ superficial 
lymphatics of the kidney parenchyma and 
lymphatics of the fatty capsule which an- 
astomosed with those of the kidney, both 
of which drained into glands along the vena 
cava. Lymphatics of the pelvis of the 
kidney were also demonstrated uniting with 
those of the ureter and kidney. 

Sakata (21), in 1903, made a very careful 
study of the ureteral lymphatics but was 
unable to demonstrate lymphatics in the 
mucosa or submucosa. He demonstrated 
by Gerota’s method anastomosis of the mus- 
cularis and periureteral lymphatics with the 
bladder and kidney, and clearly showed the 
drainage of the lower ureter into the hypo- 
gastric glands, and the middle and upper 
ureteral lymphatics to the lumbar glands, 
and that an anastomosis between the two 
sides could occasionally be injected. 

Nothing of consequence was added to this. 
work until Bauereisen, in 1910, using fresh 
ureters of stillborn infants as well as those of 
the calf and ape, demonstrated lymphatics 
in the submucosa by the use of silver nitrate 
and by Gerota’s method. He also called 
attention to the anastomosis of the lymphat- 
ics between the different coats of the ureter. 

Coincident with the demonstration of 
lymphatics of the submucosa of the ureter 
and their anastomosis with the lymphatics 
of the muscularis and periureteral tissues, 
Bauereisen advanced the opinion that in 
spread of infection from the bladder to the 
kidney the choice of routes would be by way 
of the lymphatics of the ureter. By experi- 


mental and anatomical study he called atten- 
tion to the lymphatic infiltrate in the wall of 
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the ureter without involvement of the mucous 
membrane in cases of tuberculosis of the 
bladder, stating that, in extensive tuberculosis 
of the bladder, the infection is carried first 
to the lower segment of the ureter and wanders 
toward the kidney in the periureteral lym- 
phatics. 

Stewart (22), in 1910, transplanted the 
ureters into the intestine and observed in- 
volvement of the kidney in a suppurative 
process, some instances occurring where 
perinephritis and kidney abscess were pres- 
ent, which he felt could only be accounted for 
by spread of infection along the ureteral 
lymphatics. 

Sugimura (23), in 1911, described round 
cell infiltration of the ureteral muscularis and 
submucosa in some cases of acute cystitis 
occurring in pneumonia, tuberculosis, and 
carcinoma of the bladder and stomach. The 
mucosa of the ureter in these cases was normal 
in appearance. He believed this microscopic 
picture was due to the spread of infection 
from the bladder through the lymphatics. 
No bacteriology of the blood or genito- 
urinary tract was mentioned. 

Sweet and Stewart (24), 1914, in a variety 
of transplantations of the ureters into the 
intestinal tract and substitution of rubber 
tubing for a segment of the ureter, studied 
the cases as to the route taken by the as- 
cending infection. They appear convinced 
from their experimental study that the 
ascending infection traveled exclusively in 
the ureteral lymphatics to the kidneys. 
They evidently concluded, because of no 
mention of bacteriological study of the 
ureteral and pelvic lumen and of the blood 
stream, that evidence of periureteral and 
pelvic infiltration is synonymous with in- 
fection of the lumen of the urinary tract. 
That infections by this route may take place 
is, we believe, without doubt, but it is equally 
true that periureteral or pelvic infiltration 
may be present without infection of the 
urinary stream and, conversely, that urinary 
tract infection may take place through 
the lumen of the ureter without demonstrable 
involvement of the lymphatics, as our ex- 
periments show. Blood infections are not 
uncommon in ureteral transplantation into 


the intestinal tract, as Zeit and Peterson have 
shown, but in Case 4 which Sweet and Stewart 
report in which the unbroken ureters were 
hung in the lumen of the sigmoid with a2 
resulting periureteral infiltration and pyo- 
nephrosis, no mention is made of blood 
culture. It appears that their conclusions 
are somewhat dogmatic considering the 
evidence produced. 

Eisendrath, Kahn, and Shultz (25), in 
1915, 1916 and 1917, injected organisms 
into unobstructed, non-traumatized bladders 
of rabbits and dogs and described a round- 
celled infiltrate of the submucosa of the blad- 
der extending into the ureter, where it was 
present in the submucosa or periureteral 
lymphatics, involving the subpelvic tissue 
and kidney. They believe that infection 
from the bladder involves the upper urinary 
tract by this route. Careful bacteriology 
and microscopic study were recorded in this 
work, as well as a study of control animals. 

Involvement of the upper urinary tract 
from the bladder by way of the general 
blood stream has been mentioned by Cabot 
and Crabtree (26), who obtained positive 
blood cultures in one-third of their cases of 
colon bacillus pyelitis. Eisendrath and 
Shultz after injection of bacillus coli into 
the uninjured, unobstructed bladder, found 
the blood sterile at postmortem in a varying 
number of days after the injection. A 
thorough bacteriological study of the blood 
stream, however, was not attempted. 

The literature of infection of the urinary 
tract from other foci by way of the blood 
stream or by lymphatic extension from the 
large intestine has purposely been omitted, 
as it is outside the scope of this paper, but 
from the brief review of the literature con- 
cerning ascending infections of the urinary 
tract, it is evident that while unanimous 
opinion on this subject does not exist, the 
recent work leans strongly to the view of 
ascent of infection by way of the lym- 
phatics of the ureter. 

Considerable of the work loses value be- 
cause of lack of proper control which is most 
essential to reasonable deductions. Prior 
to actual experimental work, the bacteriology 
of the urine of the animals used should be 
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known, and in addition to thorough micro- 
scopic examination of the urinary tract 
at postmortem, bacteriology of the blood and 
urinary tract should be carried out. Per- 
sonally I believe that, where microscopic 
pictures of tissues influence materially the 
conclusions drawn from the experimental 
study, the study of control tissue taken from 
the animal before experimental work should 
be undertaken when possible as a basis of 
comparison. For instance, in 39 dogs the 
control ureter removed just prior to establish- 
ment of experimental conditions showed no 
evidence of cellular infiltration in 14 in- 
stances, but had isolated round cells in the 
submucosa in 10 others and marked round 
cell infiltration in 5. Only 2 of more than 
45 laboratory dogs, including the above, had 
organisms in the control bladder urine. The 
control bladder urine was sterile in the 5 
animals showing the marked infiltration in 
the control ureters. While the microscopic 
examination of one segment of the ureter 
does not absolutely indicate the amount of 
cellular infiltration in the remainder of the 
urinary tract, it is, however, a valuable index 
of the deviations from the normal and lessens 
the tendency to attribute too great patholog- 
ical importance to clumps of round cells 
found in the genito-urinary tracts of dogs. 


SCOPE OF WORK 


We have attempted to determine in this 
experimental work: (1) The reaction of 
the bladder, under varying conditions of 
traumatism and obstruction, to the colon 
bacillus. (2) The involvement of the upper 
urinary tract from these acutely infected 
bladders. (3) The probable routes by which 
this extension takes place. 

Dogs have been used exclusively in this 
work because they are easily infected by 
colon bacillus and are the hosts of bacillus 
coli-like organisms. In addition, their genito- 
urinary tract grossly and microscopically 
closely resembles that of the human, and 
much of the study of the lymphatics of the 
genito-urinary tract has been done on dogs. 
Bacillus coli was chosen as the organism of 
choice in this work owing to its presence in 
over 50 per cent of all types of non-tuber- 


culous urinary infections, its rapidity of 
growth in the urine and ease of cultural re- 
covery. About 2 to 4 cubic centimeters of 
a thick suspension of colon bacillus washed 
from twenty-four hour agar slant cultures 
were used in each case. These organisms 
were first obtained from a case of cystitis 
in a human and then used from one dog to 
another. As dogs are somewhat liable to 
infections of various types, cultures of the 
urine before operation were made in all 
cases and animals having urinary infections 
were excluded. All of the animals used in 
this work had a section of the right ureter 
removed for microscopic study as a control, 
and, by ligation of the right ureteral stump, 
conditions were established for the formation 
of a hydronephrosis on that side. This was 
done for two reasons; namely, to control the 
possibility of infection of the urinary tract 
by lymphatic extension from the large in- 
testine, which Franke (27) has shown is 
most liable to occur upon the right side, and 
in addition — and of most importance — to 
have an added control at all times on the 
possibility of blood stream infection, as it is 
well established by experimental work which 
we have repeated, that organisms in the 
blood stream are secreted in the urinary 
tract with almost unfailing exception. We 
have also repeated this work with acutely 
developing hydronephroses with positive re- 
sults. It is assumed, then, that if the blood 


cultures made at autopsy in these animals . 


were sterile that an added control would be 
had where the hydronephrosis was sterile, in 
that temporary blood stream infection could 
be excluded. 


TECHNIQUE OF EXPERIMENTAL WORK 

A short description of the operative procedure 
will suffice for all of the experiments unless excep- 
tions are noted. Sterile technique was employed. 
Female dogs were used. The abdomen was shaved 
and iodined and after the skin incision was made 
sterile laparotomy towels were clipped to the skin. 
The bladder was delivered, the right ureter divided 
about one inch from the bladder. A piece of the 
right ureter was removed for microscopic study and 
the proximal stump of the ureter ligated and dropped 
back. In one series of experiments to be hereafter 
described, a small pipette was introduced through 
the distal ureteral stump into the bladder and urine 
was aspirated for culture; bacillus coli was injected 
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into the bladder after which the ureter was ligated 
close to the bladder wall and buried. In another 
group the distal ureter was ligated at once and a 
fine record needle was introduced through the 
fundus of the bladder, urine aspirated for culture 
and bacillus coli suspension injected. In a few dogs 
before injection of the culture 2 cubic centimeters of 
turpentine were injected into the bladder and washed 
out, thus increasing the element of trauma to the 
bladder mucosa. A pursestring suture of fine silk 
closed the site of puncture. In one series of dogs the 
bladder was partially obstructed; the urethra just 
distal to the bladder could be reached through 
the same incision and a silk ligature, or piece of 
fascia was tied around it so as partially but not 
absolutely to constrict it. The abdominal wall 
was closed in layers and the abdominal wound 
covered by an iodiform gauze collodion seal, 
which obtained clean wounds in the majority of 
cases. 

The dogs were killed by ether in periods varying 
from 1 to 34 days after the operation. A median 
postmortem incision was made, the left ureter was 
isolated with sterile instruments, and a section re- 
moved to be ground and cultured. The end of the 
ureter was then seared and a sterile pipette passed 
through the proximal end, aspirating the contents 
of the pelvis and ureter on that side. Cultures 
from the bladder urine, right hydronephrosis and 
blood from the heart were also made under strictly 
sterile precautions. Sections for microscopic study 
were then cut from the bladder, ureterovesical 
junction, different portions of the right and left 
ureters, the pelves and cortices of both kidneys. 
They were immediately placed in Mueller’s fluid 
and then blocked and cut in paraffin, where in many 
instances serial sections were studied. 


EXPERIMENTS WITH UNOBSTRUCTED BLADDER 
In 7 dogs having unobstructed, non-traumatized 

bladders, 6 had colon bacilli recovered from the 

bladder urine at postmortem from 4 to 32 days after 


‘the operation and one 34-day dog had sterile urine. 


Six of these bladders were negative microscopical- 
ly both on the serous and cut surfaces, with the 
possible exception of a moderate hyperemia of the 
mucosa in 2 dogs. In 1 dog there was a moderate 
fibrinous exudate over the peritoneal surface of the 
bladder. Of the normal appearing bladders, 3 were 
microscopically free in all levels of cellular in- 
filtration after 5, 17, and 34 days. In these 3 dogs 
the right and left ureter, right and left pelvis, and 
right and left kidney showed no cellular infiltration 
of any kind, and in 2 of these dogs having bacillus 
coli in the urine, bacillus coli was also grown from 
the left ureter and pelvis. In these three cases 
the blood was sterile, the right hydronephrosis 
was Sterile, and the left ureteral wall stained for 
micro-organisms was negative. 


In the 2 dogs with positive cultures in the 
bladder, left ureter, and pelvis, with absence 


of cellular infiltration in any of the tissue, 
and with sterile blood and right hydronephro- 
sis, we believe the infection traveled by way of 
the ureteral lumen from the bladder. (Fig. 4) 


Three dogs of this same series (the unobstructed 
bladder experiments) presented gross _fibrinous 
exudate on the peritoneal surface of the bladder in 
1 instance and microscopic evidence of it in the 2 
others, which was probably due to operative trauma 
plus infection by bacillus coli at the time of its 
injection into the bladder. In these three dogs 
the muscularis and submucosa of the bladder were 
negative. Cultures from the left ureter, left pelvis, 
and blood were negative in all 3. The microscopic 
study of the left ureter in these 3 cases showed peri- 
ureteral exudate, diminishing as the pelvis was 
approached, and the pelvis showed a very few round 
cells in two instances and was negative in the other. 
One kidney showed a few round cells, but no definite 
exudate was found in any of the kidneys in these 3 
experiments. 

On the right side in all 3 cases, despite a defect 
in the ureter, a definite periureteral exudate of 
polymorphonuclear cell type was found reaching 
to the pelvis where it became most intense in the 
fat under the pelvis. In one of these the right 
hydronephrosis had been converted into a pyo- 
nephrosis in the 23 days that had elapsed since the 
beginning of the experiment. The blood was 
sterile in all instances. 


These 3 experiments illustrate the fact 
that a peritoneal exudate on the bladder 
extended through the periureteral tissue, 
becoming less on the left side the higher the 
section was taken, or even absent in the pelvis 
and kidney. In spite of this periureteral 
infiltration which was of the polymorpho- 
nuclear cell type there was no evidence of its 
extension into the muscularis or submucosa 
of the ureter or pelvis of the kidney. Cul- 
tures from the ureter and pelvis of the kidney 
were sterile. 

On the right side the conditions were very 
similar, except that the infiltrate was most 
marked in the fat under the pelvis of the 
kidney. In the 23-day experiment with the 
pyonephrosis on the right side, it is open to 
question whether a temporary blood stream 
infection was responsible for the infection 
of the urine, even though the blood at post- 
mortem was sterile. It seems more reason- 
able from the microscopic evidence in the 
uninfected cases to assume that direct ex- 
tension of the subpelvic inflammation through 
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the pelvic mucosa had infected the urine on 
that side. The 4 and 6 day dogs with 
periureteral and subpelvic exudate were 
sterile, though lapse of more time might 
have caused infection of the right hydrone- 
phrosis. 

These two cases with the sterile hydro- 
nephrosis demonstrated that periureteral and 
subpelvic polymorphonuclear infiltration is 
not synonymous with infection of the urinary 
tract even though 4 and 6 days respectively 
had passed since the onset of the infection. 

The remaining experiment in these un- 
obstructed, nontraumatized bladders is of 
interest. 


The dog (experiment 41) was killed after 32 
days. The bladder was normal macroscopically, 
though the urine in it contained bacilli coli. The 
cultures from the left ureter, left pelvis, ground left 
ureter, right hydronephrosis and bladder were 
sterile. Microscopically a definite round cell 
infiltration, such as Ejisendrath and Shultz de- 
scribed in their work, was present in the submucosa 
of the bladder, left ureter, and left pelvis. All other 
coats were negative (Fig. 2). 


This infiltrate does not correspond to any 
we have found in this series either as to the 
character of the cells or as to the location of 
the infiltrate in the submucosa. The control 
ureter before operation did not present this 
finding, but as all cultures from the urine of 
the left ureter, left pelvis, and from the 
ground ureter were negative, and as the cell- 
ular exudate was of the round cell type with 
some plasma cells in it, we cannot regard it 
as evidence of spread of a bacterial infection 
which was then present in the bladder. 


In 3 experiments, the bladder was traumatized 
by needling for aspiration of the urine, and in 2 of 
these turpentine was injected and washed out before 
injection of the colon bacilli. Bladder cultures 
after four to six days were positive in all. Grossly 
and microscopically the turpentine bladders showed 
a marked oedema (and hyperemia) of the mucosa. 
In addition, microscopically, the submucosa con- 
tained isolated polymorphonuclear leucocytes, but 
no dense infiltration. The muscularis and serosa 
were negative except at the needled areas, where a 
moderate reaction occurred. In the 2 dogs, having 
turpentined bladders, the left ureter and pelvis were 
sterile and microscopically showed no infiltrate of 
any coat. In 1 of these dogs, the divided right 
ureter was in contact with the bladder and in this 
instance some polymorphonuclear leucocytes were 
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found beneath the pelvis of the right kidney. The 
second dog showed no infiltration on the right 
side and the right kidney urine as well as the blood 
cultures in both dogs were sterile. 


In these two experiments the reaction of 
the submucosa to the irritating element is 
seen, but no evidence of an ascending in- 
fection either by culture or by microscopic 
study was present on the left side. 


In the third dog of this series (experiment 27) 
whose bladder was needled but in which no tur- 
pentine was used, the autopsy on the fourth day 
showed the bladder covered with omentum and the 
right divided ureter adherent to it. The mucosa 
of the bladder was slightly hyperemic. The right 
kidney urine and blood were sterile, but bladder 
urine, the left kidney pelvis and left ureter contained 
bacillus coli. Microscopically there was a marked 
polymorphonuclear exudate on the peritoneal sur- 
face of the bladder and to a lesser degree in the sub- 
mucosa. The muscularis was negative. The left 
ureter at the vesical junction had a marked peri- 
ureteral exudate which invaded the muscularis and 
submucosa to a less degree. Higher in the ureter 
the exudate was limited to the polymorphonuclear 
type, and this was present in the pelvis of the kidney 
and in the kidney substance between the collecting 
urinary tubules just peripheral to the calices. On 
the right side there was a moderate polymorpho- 
nuclear infiltrate in the periureteral tissue becoming 
less as the ascent of the ureter was made, and 
the right kidney showed no infiltrate and the right 
hydronephrosis was sterile (Fig. 3). 


This is an instance where the microscopic 
evidence would justify the belief that the 
periureteral exudate spread by contiguity 
to invade the muscularis and submucosa of the 
ureter to a point where infection of the lumen 
of the ureter might occur. In this case, 
however, it is also logical to believe that the 
infection in the periureteral lymphatics in- 
volved, by the way of the pelvis, the kidney 
itself in an acute process. 

This opportunity should be taken to em- 
phasize the importance of the microscopic 
character of the exudate when it is used as 
an index of active infection due to the colon 
bacillus. In experiment 27, just discussed, 
a polymorphonuclear periureteral infiltrate 
was present. Ground cultures of the ureter 
gave a pure culture of bacillus coli. In this 
dog colon bacilli were also present in the 
bladder urine. In experiment 41, with bacil- 
lus coli in the bladder urine and with marked 
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Fig. 1. Variations in control ureters, both dogs having sterile urine at time 
tissue was removed. A (at left), Low power of control ureter showing no cellular 
infiltration. 8B, High power of control ureter, showing marked round cell 


infiltration of submucosa. 


round cell infiltrate in the submucosa of the 
ureter, such as described by Eisendrath and 
Shultz, and said by them to be evidence of 
organisms of low virulency, the ground cul- 
tures of the ureter were sterile (Fig. 2). 

Summarizing these experiments, in the 
unobstructed bladders into which bacillus 
coli had been injected, it was found that the 
bladder urine contained bacillus coli in 9 
experiments over a period of from 3 to 32 
days and was sterile in 1 34-day experiment. 

The left ureter and pelvis contained bacillus 
coli only 3 times. 

The right hydronephrosis was sterile in 
all but 1 experiment. 

The untraumatized bladders showed no 


- evidence of involvement of the muscularis 


or submucosa of the bladder by acute inflam- 
matory exudate. 

In the turpentined bladders, there was 
cdema and moderate polymorphonuclear 
infiltration of the submucosa of the bladder. 
Four bladders showed polymorphonuclear 
peritoneal exudate but no acute exudate in 
any other coat of the bladder, and in one 
instance the periureteral lymphatics cor- 
tained decided evidence of polymorphonuclear 
infiltration which decreased in amount as 
the ureter was ascended, and which in one 
instance involved the entire coats of the 
ureter and pelvis and caused a similar exudate 
in the kidney. Bacillus coli was isolated 
from the pelvic urine on that side. 

Most important, however, by the pre- 


ponderance of its occurrence, is the absence 
of infection in the urine and on the epithelial 
surface of the left ureter and kidney pelvis 
in the other 4 experiments where periureteral 
exudate was present. It should be em- 
phasized that periureteral infiltration is not 
synonymous with infection of the urinary 
stream. On the other hand, infection of the 
ureter and pelvis of the kidney may occur 
where bacillus coli is present in the unob- 
structed, non-traumatized bladder without 
any microscopic evidence of involvement of 
the wall of the bladder, ureter, pelvis, or 
kidney, and with sterile blood and right 
hydronephrosis. This is instanced in a 5 
and 17-day dog experiment, and is ex- 
perimentally proof, controlled by bacterio- 
logical and histological study, that infection 
may extend through the lumen of the ureter 
to involve the upper urinary tract (Fig. 4). 

Experiment 34, November 21, 1916. Female dog. 
Right ureter divided 2 inches from bladder and 
ligated; bacillus coli injected into bladder through 
stump of right ureter. Right ureteral stump li- 
gated near the bladder. Bladder urine taken at 
operation, sterile. Postmortem December 8, 1916. 
No infection of peritoneum; left ureter and pelvis 
normal in appearance, right ureter not in contact 
with bladder, the size of a lead pencil, the right 
pelvis dilated four times the size of the left, con- 
tained 2 ounces of clear urine under pressure. The 
bladder, was normal in size, the peritoneum smooth. 
The cut ‘surface was negative except for slight 
hyperemia. 

Bacteriology. Blood culture sterile, right kidney 


urine sterile, bladder contains colon bacillus, left 
ureter contains colon bacillus. 
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Fig. 2, A. 


Vig. 2. Experiment 41, 34 days. Unobstructed, non- 
traumatized bladder. Bacillus coli in bladder urine but left 
ureter and left kidney pelvis sterile. Ground ureter sterile. 
A, Left ureter showing round-cell infiltration in submucosa. 
B, Left ureter high power showing lymphoid character 
of exudate. 

Fig. 3. Experiment 27. Unobstructed, traumatized 


Microscopic examination. Bladder shows some 
hyperemia of submucosa but no cellular infiltration 
of any kind. Muscularis and serosa negative. 
Left vesico-ureteral junction cut in serial sections 
shows entrance of ureter into bladder, but no 
infiltration of ureter or bladder is present. Left 
ureter, left pelvis, left kidney, right ureter, right 
pelvis, right kidney were also negative for infiltra- 
tion of any kind. Sections stained for micro- 
organisms in the wall of the left ureter were negative. 


Summarizing the conditions on the right 
side in these 10 dogs, it was found that the 
hydronephrosis was sterile in 9 of 10° ex- 
periments, but that some of these showed a 
polymorphonuclear infiltrate of the peri- 
ureteral and subpelvic tissues. Most of the 
cases showing this infiltration had the right 
ureteral stump in contact with infectious 
material. The one dog in which bacillus 
coli was grown from the right hydronephrosis 
showed a marked ureteral and subpelvic 
exudate of the polymorphonuclear type, 
being most intense in the subpelvic tissue. 
The blood at postmortem was sterile in this 
case, as were cultures from the left pelvis 
and left ureter, which led us to believe that 
the infection of the hydronephrosis was due 
to ascent of infection along the periureteral 
lymphatics to the subpelvic fat, and by direct 
extension of infection through the wall of the 
pelvis to involvement of the urinary tract. 


Fig. 2, B. , Fig. 3. 


needled bladder with polymorphonuclear infiltration of 
submucosa and peritoneal coat of bladder. Bacillus coli in 
bladder urine, left ureter and left pelvis. Left ureter 
had a marked polymorphonuclear exudate reaching to the 
submucosa. Bacillus coli in pure culture was obtained 
from the ground left ureter. Polymorphonuclear infil- 
tration of submucosa of left ureter. 


EXPERIMENTS WITH OBSTRUCTED BLADDERS 


Under the same experimental conditions 
of ligated and divided right ureter, twelve 
dogs were studied in which a pressure ob- 
struction of the ureter was established by its 
ligation just distal to the bladder. This 
ureteral obstruction varied somewhat but 
was never complete enough to . prevent 
urination. 


In six of these experiments the bladder was trau- 
matized by needling for aspiration of urine and for 
injection of turpentine and the colon bacilli. All 
of these dogs were killed by ether in from 1 to 5 
days, and with only a difference of degree in the 
reaction of the bladder, the changes were prac- 
tically the same in both traumatized and non- 
traumatized cases. 

Grossly the bladders were moderately dilated 
and the peritoneal coat of the bladder was gen- 
erally covered with fibrinous exudate. On the cut 
surface the mucosa was oedematous, ulcerated in 
spots, and the bladder contained bloody urine. 
The ureterovesical orifices were not dilated in any 
case. The bladder urine contained bacillus coli 
in all instances. 

Microscopically the entire thickness of the blad- 
der showed polymorphonuclear cellular infiltration, 
except in one non-traumatized bladder where the 
constriction was very slight. From the left ureter 
and pelvis of ro of these dogs bacillus coli was grown 
in pure culture. In only one animal was bacillus 
coli grown from the right hydronephrosis. The 
blood was sterile in all. 
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lig. 4. Experiment 34, 17 days postmortem. Un- 
obstructed, non-traumatized bladder showing no_ in- 
filtration of any coat. No infiltration of ureterovesical 
junction, left ureter, left kidney pelvis or left kidney. 
Bacillus coli isolated from bladder urine, left ureter, and 


In two animals there was a polymorphonuclear 
infiltrate at the left ureterovesical junction, most 
intense peripherally but reaching through the 
muscularis to the submucosa. In one of these 
dogs this infiltrate was in the periureteral tissue for 
a short distance up the ureter and was absent in the 
pelvis of the kidney and kidney. Colon bacilli 
were isolated from the ureter and pelvis of the kid- 
ney. In the other dog, periureteral, pelvic and 
kidney infiltration were absent, the /eft pelvis and 
ureter were sterile, though the infiltration at the left 
ureterovesical junction was marked. 


Here again we have the possibility of in- 
fection of the upper urinary tract by direct 
extension of infection from the bladder wall 
through the wall of the ureter, but actual in- 
fection was present in only one of these two 
examples. It is noteworthy that in the pres- 
ence of this marked inflammatory reaction at 


ig. 4, D. Fig. 4, E. 

left kidney pelvis. Right hydronephrosis and blood 
sterile. Ascent of infection through lumen of the ureter. 
A, bladder; B, left ureterovesical junction; C, left ureter; 
D, left pelvis, a, small blood-vessles; /, left kidney. 


the ureterovesical junction that only a mod- 
erate degree of ureteral infiltration was found 
in the lower ureter in one animal and in the 
other not at all, and higher no infiltration of 
the pelvis of the kidney or kidney was present 
in either case. The ground ureter showing no 
infiltration was sterile. 


In 5 dogs killed on the second to the fourth day, 
there was an infiltration of all coats of the bladder 
wall, but the left ureterovesical junction showed no 
microscopical evidence of invasion of the wall 
of the ureter as it entered the bladder, and sections 
of the left ureter, pelvis, and kidney showed no 
infiltration in any part. From the left ureter 
and pelvis of the kidney of these dogs colon 
bacilli were isolated in pure culture. Blood cul- 
tures were sterile. It may be stated that in those 
instances where the right divided ureter was in 
contact with the bladder or the fibrinous exu- 


| Fig. 4, A. Fig. 4, B. 
Fig. 4, C. F 


Fig. 5, D. 

Vig. 5. Experiment 46, 4 days postmortem. Partially 
obstructed bladder with ulceration of the mucosa and 
microscopic infiltration of all coats of the bladder wall. 
The right divided ureter was adherent to the bladder. 
Bacillus coli was isolated in pure culture from the bladder 
urine, left ureter, and left kidney pelvis, but the right 
hydronephrosis and blood were sterile. There was no 


date around the right distal stump of the ureter, 
a periureteral polymorphonuclear exudate reaching 
to the fat beneath the pelvis of the right kidney was 
present, though the right hydronephrosis was 
sterile. These conditions are presented here to 
establish the fact that sufficient time had elapsed 
for spread of infection through the lymphatics 


(Fig. 5). 


These five experiments exclude all other 
channels for infection of the left urinary 
tract except ascent of the infection through 
the /umen of the ureter. 


In one dog killed one day after the experiment, 
the constriction of the urethra was found to be 
negligible and the bladder was not dilated and 
showed no evidence of infection. Microscopically 
the bladder, left ureterovesical junction, ureter, 
pelvis, and kidney were negative for infiltration, as 


Fig. 5, E. 
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microscopic evidence of infiltration of the left ureter, 
pelvis, or kidney, while the right side had periureteral 
and subpelvic polymorphonuclear infiltration. A, left 
uterovesical junction; B, left ureter, a, lumen of the ureter; 
C, left pelvis; D, left kidney; EF, right ureter with peri- 
ureteral infiltration; F, right subpelvic infiltration. 


was the right side. All cultures, except from the 
bladder urine, were sterile. This experiment 
corresponds to those in which no obstruction of the 
urethra was attempted. 

In the remaining four dogs killed in two to five 
days after the experiment, with the bladder showing 
infiltration by polymorphonuclear cells in all 
layers, a periureteral exudate was found reaching 
into the muscularis and slightly in the submucosa 
in two instances but remained periureteral in the 
other two. The left pelvis in these cases showed 
either some round-cell infiltration in the submucosa 
in one experiment, or a few scattered polymorpho- 
nuclear leucocytes in two others, and was negative 
in the remaining one. The left kidney showed no 
infiltration in any case. In these 4 dogs the cul- 
tures from the bladder, left ureter, and left pelvis 
of the kidney contained colon bacilli. The course 
that the infection traveled may have been by the 
lumen of the ureter, or by direct extension through 
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the ureter into the lumen of the ureter from peri- 
ureteral infiltrate or, remotely possible, by involve- 
ment of the pelvic mucosa by spread of inflamma- 
tion by contiguity from the exudate deeper in the 
pelvic fat. 

In 11 dogs with partially obstructed bladder 
showing involvement of all coats by polymorpho- 
nuclear infiltration, the involvement of the right 
divided ureter and right hydronephrosis will be 
summarized. In 3 dogs the proximal stump of the 
right ureter was adherent to the bladder or was in 
free exudate and in all instances periureteral and 
subpelvic infiltration of polymorphonuclear cells 
was present. As a rule, the infiltrate in the sub- 
pelvic fat was the most pronounced. The mus- 
cularis and submucosa in all instances was negative, 
as was the pelvis and kidney, except in 1 dog where 
there was an invasion of the submucosa of the pelvis 
of the kidney, and in this experiment bacilli coli 
were grown in the urine from the right kidney. In 
the other dogs the urine from the right hydronephro- 
sis was sterile. In 5 dogs where the proximal 
stump of the right ureter was not adherent to the 
bladder or in exudate, there was no infiltration of 
the ureter, pelvis or kidney, except in one experi- 
ment where there was some periureteral and sub- 
pelvic infiltration. In all of these cases, the right 
kidney urine was sterile. 


These findings demonstrate that the di- 
vided, ligated ureter in contact with in- 
fectious material is subject to spread of this 
infection along the periureteral lymphatics 
into the subpelvic fat, which is the seat of 
the greatest reaction. The urinary stream 
may be involved by direct extension through 
the submucosa of the pelvis, which occurred 
in 1 case. In the other to experiments the 
urine of the right hydronephrosis was sterile 
and the kidney showed no evidence of in- 
filtration in any case. These results are in 
decided contrast to the urinary tract on the 
left side, in which, in these same dogs, the 
ureter was undivided and showed periureteral 
and subpelvic exudate in only four instances, 
but had positive cultures of bacillus coli 
grown from the left ureter or left pelvis of 
the kidney in 10 out of 11 of ‘the experiments. 

It is noteworthy that periureteral and 
subpelvic lymphatic infiltration was present 
without infection of the urinary stream in 
10 of 11 experiments on the side of the 
right divided ureter, while infection on the 
side of the left undivided ureter in the same 
dogs was present in 10 of 11 cases. We be- 


lieve this was unmistakably due to involve- 
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ment of the left side by way of ascent of in- 
fection from the bladder through the lumen 
of the ureter, since the blood was sterile in 
all cases and the right hydronephrosis was 
sterile in all but one. 


CONCLUSIONS 


1. Injection of bacilluscoli into unobstruct- 
ed, non-traumatized bladders is not followed 
by cellular exudate in the submucosa or mus- 
cularis in most inStances. 

2. Bacillus coli may be isolated from the 
urine of the unobstructed, non-traumatized 
bladder showing no evidence of microscopic 
infection as late as a month after its injection 
into the bladder. 

3. Acute, high-grade cystitis in obstructed 
and unobstructed bladders is not accom- 
panied by blood stream infection. 

4. Cystitis in unobstructed bladders is 
not commonly accompanied by extension of 
the infection to the upper urinary tract. 

5. It is possible in an unobstructed bladder 
to infect the upper urinary tract by direct 
extension of the infection from the bladder 
through the lumen of the ureter. 

6. Cystitis in partially obstructed blad- 
ders is very frequently accompanied by the 
presence of the infecting organism in the 
ureter and pelvis of the kidney, and this 
extension may take place by the lumen of the 
ureter or by direct involvement of the ureter 
by inflammation by contiguity, or possibly 
by way of the periureteral lymphatics and 
infection of the subpelvic tissue. 

7. Evidence is presented to show that 
ascending bacillus coli infection of the upper 
urinary tract from the bladder travels most 
frequently by the lumen of the ureter. 

8. Periureteral infiltration is present only 
when peritoneal exudate of the bladder or 
pelvic peritoneal exudate is also present. 

9. Periureteral or subpelvic exudate is 
not synonymous with infection of the urinary 
stream. 

10. In the presence of periureteral or sub- 
pelvic infiltration the kidney parenchyma is 
negative in most instances. 

11. Theinfection of a hydronephrosis where 
the ureter is ligated and divided and comes 
in contact with infectious material may take 
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place by spread through periureteral lym- 
phatics to the subpelvic fat and by contiguity 
involve the pelvis of the kidney. In these 
experiments this process did not progress 
rapidly in point of time. 
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AN EXPERIMENTAL AND CLINICAL STUDY OF CHLOROFORM, ETHER, 
AND NITROUS OXIDE-OXYGEN IN PREGNANCY AND LABOR! 


By C. HENRY DAVIS, M.D., 


LTHOUGH many valuable studies 
have been made of chloroform, ether, 
and nitrous oxide-oxygen, several 

papers published during the past year show 
that clinicians are not agreed in the use 
of these anesthetics. The present report is 
offered not in the belief that it is conclusive, 
but with the hope that it will stimulate fur- 
ther and more careful research, both clinical 
and experimental. 

That the value of an experiment depends 
upon the number and range of controls is 


1 Read before the Chicago Gynecological Society, May 18, 1917. 
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axiomatic. In this study, age, pre-existing 
disease, stage of pregnancy, number of em- 
bryos, diet, manner of handling, temperature, 
etc., must all be considered in the correlation 
of results. Macroscopic and microscopic 
evidence of tissue changes may be observed, 
yet without the combined efforts of the 
pathologist, cytologist, and physiological 
chemist it is impossible to determine the 
exact nature of these changes. An effort has 
been made to control each experiment, but as 
will be seen later pre-existing diseases made 


(For discussion see p. 240.) 
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Fig. 1. 
anesthetising chamber, oxygen tank, and pump used in experiments. 


this very difficult. The tissue changes noted 
are explained in the light of published observa- 
tions rather than of personal investigations in 
cytology. 

While surgeons and anesthetists are agreed 
that chloroform as generally administered is 
by far the most dangerous anesthetic, they 
differ regarding the relative safety of, and 
indications for, nitrous oxide-oxygen and 
ether. Because of experimental work, chiefly 
on non-pregnant animals, it has been con- 
sidered by many of us that nitrous oxide- 
oxygen is the most desirable anesthetic in 
pregnancy and labor. But a smaller number 
of clinicians hold a different opinion, one 
going to the extreme of declaring, ‘‘nitrous 
oxide-oxygen the most dangerous anesthetic.” 

In the present investigation objections to 
many of the former experiments were re- 
moved by using an anesthetic chamber 
(Fig. 1) in which groups of animals could be 
anesthetized under identical conditions. The 


concentration of CO, was limited by having a 
false floor three inches from the bottom of the 
box, under which was placed a solution of 
lime water or sodium hydrate, and having a 
ventilating valve near the bottom as well as 
in the top. The chloroform and ether were 
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Nitrous oxid-oxygen mixing machine with automatic regulators, animal 


dropped on a sponge suspended near the top 
and vaporized by the current of air or the 
oxygen which passed through the sponge. 
The nitrous oxide-oxygen mixture was passed 
into the chamber under constant low pressure 
and in suitable proportions for analgesia or 
anesthesia. The condition of the animals 
could be noted at all times through the glass 
door. Controls were made to lessen the pos- 
sibility of unwarranted conclusions. The 
animals were examined as soon as possible 
after death, the tissue hardened in Zenker’s 
fluid, and the sections stained with hama- 
toxylin and eosin. No special stains were 
made except Sudan III of frozen sections to 
demonstrate the presence of fat in the liver. 


GENERAL DESCRIPTION OF GROUP 
EXPERIMENTS 

Chloroform. Chloroform-air. Three preg- 
nant and one non-pregnant guinea pigs were 
lightly anesthetized two hours daily until 
they had a total of six hours’ and fifteen 
minutes’ anesthesia. The temperature in 
the box was never lower than room tempera- 
ture. A constant current of air insured an 
abundance of oxygen. From five to seven 
minutes was needed to anesthetize the 
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Fig. 9. 


(For legends see opposite page.) 
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animals. There was very little struggling or 
other evidence of excitement. They were 
always able to move about the cage within a 
few minutes after being removed from the 
box. Their respirations were always under 
sixty per minute. One animal stopped 
breathing shortly after the second anes- 
thetic was started and had to be resuscitated. 

Clinical resulis. One pig aborted during 
the night following the first anesthetic. The 
non-pregnant pig that stopped breathing at 
the start of the second period died in con- 
vulsions twenty-one hours after the last 
anesthesia. A second animal aborted during 
the night following the third anesthesia and 
died in convulsions twenty-two hours after 
its completion. The remaining pregnant pig 
delivered a single live young one three weeks 
after the completion of the experiment. The 
pig which aborted after the first period also sur- 
vived until killed five weeks after the anes- 
thetic. 

Chloroform oxygen. ‘Two pregnant and one 
non-pregnant guinea pigs were placed in the 
box and lightly anesthetized with chloroform, 
oxygen being supplied instead of air. Forty 


gallons of oxygen were passed into the box 
during the anesthesia which lasted one hour. 
The pigs recovered within a few minutes and 
the following morning seemed perfectly nor- 


mal in every respect. The non-pregnant pig 
was killed forty-eight hours after the comple- 
tion of the anesthetic. The pregnant pigs 
delivered one and two live young, respec- 
tively, sixteen days later. These were killed 
with their mothers forty-eight hours after 
birth. The two smaller pigs were in a bad 
physical condition and undoubtedly would 
have died within a few hours. The condition 
of the larger one seemed fairly normal. 
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Ether and air. Three pregnant and one 
non-pregnant guinea pigs were placed in the 
box and anesthetized two hours daily for two 
days, three hours and fifteen minutes the 
third day. After the first anesthetic one 
gave birth to two normal young and these 
were anesthetized with their mother during 
the remaining five hours and fifteen minutes. 
To my surprise the young seemed to stand 
the ether mixture quite as well as did the 
adult pigs and recovered as quickly following 
the anesthetic. The respirations of the 
animals varied from 60 to 100 per minute. 
They were usually found to be eating within 
twenty or thirty minutes after the completion 
of the anesthetic. The non-pregnant and 
one of the young pigs were placed in the box 
with’a normal control pig forty-eight hours 
after the completion of the anesthesia, anzs- 
thetized, and killed by cutting their throats. 
The remaining pregnant pig delivered two 
live young nineteen days after the completion 
of the anesthesia. One of these died within 
forty-eight hours and the other within 
seventy-two hours after birth. The two 
adult and one young that survived the 
anesthesia were killed twenty-two days 
after the completion of the anesthesia. 

Nitrous oxide-oxygen anesthesia. Three 
pregnant and two non-pregnant guinea pigs 
were placed in the box and anesthetized on 
four successive days until they had a total of 
seven hours forty-five minutes, nitrous oxide- 
oxygen anesthesia. At the end of this period 
one of the pigs died under very deep anzs- 
thesia from which the others recovered within 
two minutes after being removed from the 
box. 

It was rather hard to maintain a perfectly 
even anesthesia as they seemed very sus- 


Fig. 2. Extensive necrosis of liver following six hours 
of light chloroform anesthesia. 

Fig. 3. Round cell infiltration of liver of adult pig 
dying under deep nitrous oxid anesthesia. 
_ Fig. 4. Passive congestion and loss of staining power 
in liver of guinea pig killed by nitrous oxid asphyxia. 

_Fig. 5. Passive congestion, loss of staining power, and 
slight fatty changes in liver of guinea pig killed by slow 
asphyxia in a bell jar. 

Fig. 6. Marked passive congestion, cell destruction, 
and fatty changes in liver of stillborn pig of mother given 
six hours of chloroform anesthesia. 


Fig. 7. Fatty changes in liver of a young pig born 18 
- after the mother had the repeated anesthesia with 
ether. 

Fig. 8. Round cell infiltration which was observed 
in the livers of young stillborn after nitrous oxid-oxygen 
analgesia. 

Fig. 9. Sudan III stain of frozen section of the liver of 
a 9 ser pig born alive after mother had one hour of 
chloroform oxygen anesthesia showing extensive fatty 
changes. 

Fig. 10. Same liver as in Fig. 9, the vacuoles being evi- 
dence of the extensive fatty changes. 
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ceptible to slight changes in the percentage 
of the oxygen added to the mixture. There 
seemed to be considerable difference in the 
susceptibility of the different pigs. The 
pregnant pigs were more susceptible to the 
mixture than the non-pregnant. The long- 
haired pig in the group had to be removed 
from the box the first period and resuscitated. 
The respirations ranged from 60 to too. 
Three or four minutes was required to anzs- 
thetize them. They were usually a little 
restless as they began to lose control of their 
bodies and to topple over on the floor. They 
usually went to eating within two or three 
minutes after removal from the box. 
Mortality. One pregnant pig died near 
the end of the anesthesia. A second preg- 
nant pig died twenty-two days later of tuber- 
culosis and general peritonitis, macerated 
young being found in ulero. The third preg- 


nant pig which aborted, died of right lobar 


pneumonia thirty-two days after anesthesia. 
All the young were killed in utero. The two 
non-pregnant pigs were killed by gas asphyxia 
two months after their anesthesia. This was 
an error as it prevented the finding of any 
microscopic evidence of pathology which may 
have remained from repeated anzsthesia. 
But the occurrence of marked haemorrhages 
from the capsule of the liver, which was not 
seen to any extent in other pigs asphyxiated 
by nitrous oxide or simple lack of oxygen 
suggests strongly that the livers of these pigs 
had been injured to such an extent that com- 
plete restoration had been impossible in a 
period of two months. (These anesthetics 
were given in February and the animal room 
was often very cold at night.) 

2. Nitrous oxide-oxygen analgesia. ‘Three 
pregnant and one non-pregnant guinea pigs 
were given nitrous oxide containing from 20 
to 30 per cent oxygen two hours daily until 
they had a total of six hours’ gas analgesia. 
One of the mothers went into labor just 
before the beginning of the second period, and 
the second of her young was delivered in the 
box and lived its first half hour in a gas- 
oxygen atmosphere. A second mother de- 
livered three young after the second analgesia. 
The five young were placed in the box with 
the adults during the third period. 


It was found that the young pigs were more 
susceptible to this mixture than were the 
mothers and they would be lightly anes- 
thetized in a mixture containing over 20 per 
cent of oxygen, while the mothers were able 
to move about the box with a slightly un- 
steady gait. The pregnant pigs seemed to be 
more susceptible to the mixture than were the 
non-pregnant and delivered pigs. The res- 
pirations were over 60 per minute but not as 
rapid as observed during anesthesia with 
nitrous oxide-oxygen. 

The pig carrying its young throughout the 
analgesia aborted the night following the 
third period, having a litter of three (sections 
show pathology not caused by gas). The 
pig born in the box was found dead the morn- 
ing following the last analgesia. The second 
morning two more of the young were found 
dead. On the fourth morning one of the 
mothers died of general peritonitis, a diph- 
theroid organism being found in the smears 
of the peritoneal fluid. Two days later the 
young of this mother were found dead. 

One-hour nitrous oxide-oxygen anesthesia. 
Two pregnant and one non-pregnant guinea 
pigs were given one hour of nitrous oxide- 
oxygen anesthesia, using another manu- 
facturer’s product. The non-pregnant pig 
was killed by cutting its throat fifteen min- 
utes after the completion of the anesthesia. 
Seven days after the anesthesia one of the 
pigs delivered four stillborn young. Thirteen 
days after the anesthesia the other delivered 
three live and two stillborn young. The 
three died in the incubator a few hours later. 
The mothers were killed by cutting their 
throats. In connection with these deaths 
it must be remembered that with guinea 
pigs the larger the litter the smaller the young 
and the greater the mortality following birth. 


TOXICITY AS SHOWN IN TISSUES 

The tissue changes observed after the long- 
continued administration of the anesthetics 
studied are for the most part identical with 
those reported by Graham and the others 
who have made similar investigations. The 
most constant and severe changes were found 
in the liver. The animals dying from chloro- 
form poisoning showed a marked oedema of 
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the kidney epithelium with a closure of the 
tubules, and a marked congestion of the 
adrenals with a tendency to hemorrhage into 
the medulla. Sections of the lungs revealed 
the presence of tuberculosis in most of the 
animals used in the experiments. This com- 
plication undeubtedly lowered the resistance 
of the guinea pigs. 

Livers of adult guinea pigs. 1. The livers 
of the two guinea pigs dying less than twenty- 
four hours after the third anesthesia with 
chloroform showed the typical central necro- 
sis (Fig. 2). The pigs which lived until killed 
showed that there was a gradual repair of the 
injury and their livers approached the normal. 

2. The livers of the guinea pigs killed at 
various periods after the long anesthesia with 
ether showed a loss in staining power, pre- 
senting a picture similar to that seen after 
ordinary asphyxiation. This loss in staining 
power is said to be due to some degree of 
parenchymatous degeneration and _ tissue 
swelling. These changes are of a different 
type and much less severe than those found in 
cases of chloroform poisoning. 

3. The guinea pig which died during the 
nitrous oxide-oxygen anesthesia showed a 
marked round-cell infiltration of the liver 
(Fig. 3) which could not have resulted from 
nitrous oxide. It seems probable that this 
primary pathological condition was at least 
partially responsible for the death. The pigs 
killed by nitrous-oxide asphyxiation (Fig. 4) 
showed a loss of staining power and a passive 


- congestion similar to that seen after ordinary 


asphyxiation (Fig. 5). The maternal changes 
following nitrous oxide-oxygen anesthesia, 
while of the same type, are undoubtedly less 
severe than those following ether, since the 
tissue findings more quickly return to the 
normal. 

Changes observed in livers of young: 1. 
Chlorojorm. ‘The stillborn young of mothers 
subjected to repeated chloroform anesthesia 
showed a marked passive congestion (Fig. 6), 
cell destruction, and fatty changes. These 
animals also showed congestion of the adrenals 
and oedema of the kidney epithelium. The 
liver of the single young born alive twenty- 
two days after this anesthetic had a normal 
liver. It was killed when two weeks old. 


2. Ether. The young pig born during the 
ether experiment and killed forty-eight hours 
after its completion showed fatty changes in 
the liver and some loss in staining power of 
the cells. Its mate killed twenty days later 
had a normal liver. 

The young pigs born eighteen days after 
the completion of the anesthesia and dying 
within forty-eight and seventy-two hours 
after birth, showed loss in staining power and 
some fatty changes, the destruction being 
greatest in the one dying first (Fig. 7). 

3. Nitrous oxide-oxygen. No pig was born 
alive after the long nitrous oxide-oxygen 
anesthesia. The liver of an embryo in the 
pig dying at the end of this anesthetic showed 
an almost normal appearance of the liver. 

The livers of the three pigs stillborn after 
six hours of nitrous oxide-oxygen analgesia 
showed a passive congestion, loss of staining 
power of the cells, and a round-cell infiltration 
(Fig. 8) similar though less marked than seen 
in the adult dying under nitrous oxide. , One 
of these pigs had a blood-clot the size of a 
hazelnut under the liver. The pigs dying 
within forty-eight hours after the completion 
of the analgesia had some passive congestion 
of the liver and moderate fatty changes. 
Those living six days had normal livers but 
died of pneumonia following the death of their 
mother. 

One-hour anesthesia. 1. The liver of the 
control pig killed forty-eight hours after one 
hour of chloroform-oxygen anesthesia ap- 
peared normal. One of the two mothers 
killed fourteen days later had numerous 
yellowish areas over the surface of the liver 
which are shown by Sudan III to be fatty. 
The liver of the other pig was normal. 

The livers of all three pigs born alive after 
the chloroform and oxygen were shown by 
Sudan III (Fig. 9) to contain a large amount 
of fat. These changes were also shown to be 
marked from the number of vacuoles in the 
regular sections (Fig. 10). 

2. The adults killed after one hour of 
nitrous oxide-oxygen anesthesia had normal 
livers. 

The livers of the four stillborn one week 
after anwsthetic showed a marked passive 
congestion and a loss in staining power such 


t 
) 
| 
} 
| 
| 
L 
i 
| 


176 


as has been noted after asphyxia. The livers 
in the second group of five, three of which 
lived a few hours, showed the marked round- 
cell infiltration (Fig. 8) in addition to some 
loss in staining power of the cells. 


DISCUSSION 


In the present paper no attempt will be 
made to review the literature, which is ex- 
tensive, reference being made to only a few 
of the more recent articles which bear directly 
on the present study. The results described 
are in accord with those who find that chloro- 
form is the most dangerous anesthetic. They 
offer additional evidence that chloroform has 
a destructive action apart from interfering 
with oxidation in that it causes an actual 
necrosis of liver-cells. They indicate that 
with each of the anesthetics there is more 
danger to the foetus im ulero than to the 
mother. And since the young born to 
mothers which had only one hour of light 
anesthesia with chloroform and pure oxygen 
in excess show markedly fatty livers, it is 
evident that the use of oxygen cannot remove 
the dangers of chloroform. 

These experiments confirm the statements 
of Graham, Sansum, and Woodyatt: “ Chloro- 
form is prone to cause swelling of the cells, 
with fat infiltration, necrosis, a hemorrhagic 
tendency, etc. Ether has not been observed 
to cause necrosis, but it may produce milder 
forms of parenchymatous degeneration and 
tissue swelling. Nitrous oxide has little 
tendency to produce any visible tissue 
changes.”” This study suggests that nitrous 
- oxide produces cell changes only by inter- 
fering with cell metabolism. The changes 
observed after both ether and nitrous oxide 
have all been of the type found after asphyx- 
iation, yet the fact that a slower recovery is 
made after ether indicates that it causes a 
more severe injury than nitrous oxide. This, 
however, is only natural since ether enters 
into a close combination with the lipoids of 
the body and a considerable period is required 
for its elimination. Nitrous oxide has the 
power of quickly displacing oxygen, but it is 
eliminated with equal rapidity and therefore 
can interfere very little with cell metabolism 
beyond the period of anesthesia. 
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It is the opinion of most laboratory in- 
vestigators that any narcotic drug given in a 
sufficiently large dose will interfere with cell 
metabolism, and cause some degree of cell 
asphyxia with whatever degree of acid increase 
this implies. The livers of the pigs dying 
from chloroform poisoning, nitrous oxide 
asphyxia, and ordinary asphyxiation were all 
acid to dimethylamidoazobenzol. No reac- 
tion was obtained from short anzsthesias. 
It has long been known that glycosuria may 
occur after a long anesthesia with some degree 
of asphyxiation. Laboratory workers have 
now demonstrated that hyperglycemia is 
fairly common. Bradner and Reimann found 
acetonuria in 61.7 per cent of Deaver’s post- 
operative cases. 

The experimental work reported in the past 
led the writer and most others to believe that 
when nitrous oxide was not given to the point 
of cyanosis it carried no danger to mother or 
foetus. The present study, however, shows 
conclusively that it is possible to kill the foetus 
in utero by the long continued administration 
of nitrous oxide-oxygen even when no macro- 
scopic evidences of asphyxia are observed. 
Furthermore, it is apparent that this danger 
is not entirely eliminated by supplying oxygen 
in the percentage found in air. 

Several factors probably work together in 
causing the asphyxiation of the foetus in 
utero. It was demonstrated by Sir Humphrey 
Davy that nitrous oxide will displace air and 
oxygen from water. Buxton found that 
nitrous oxide can “‘actually oust oxygen from 
its absorption,’ and with great rapidity 
become associated with some of the blood 
constituents. And more recently it has been 
demonstrated that any narcotic interferes 
with normal cell metabolism. Hence it is 
apparent that when nitrous oxide-oxygen is 
administered the blood not only contains less 
than the normal amount of oxygen, but the 
body cells are less able to utilize the oxygen 
present. Considering with these facts, the 


more or less complicated method of supplying 
oxygen to the foetus im utero, it is perfectly 
logical to assume that the foetus will show 
greater evidence of asphyxia than the mother. 

All experimental work indicates that the 
dangers from nitrous oxide-oxygen without 
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evident cyanosis, results from the long- 
continued interference with cell metabolism. 
Therefore, it is fair to assume that with our 
very limited intermittent use of nitrous 
oxide-oxygen during the painful stage of 
labor there is practically no danger. The 
nitrous oxide is inhaled only during the first 
four or six inhalations after the beginning of 
the contraction and is largely eliminated by 
the time the uterus relaxes to the point that 
any appreciable amount could be absorbed 
into the foetal circulation. Normal metab- 
olism is always possible during the interval 
between contractions. 


CHOICE OF ANESTHETIC DURING PREGNANCY 

The long-continued administration of any 
anesthetic is a source of danger to the foetus. 
Chloroform, because of its greater toxicity, 
and nitrous oxide, because of its mechanically 
interfering with the oxygen supply, are appar- 
ently more dangerous to the foetus when 
continuously administered than ether. Ether 
is better borne by the very young than chloro- 
form or nitrous oxide. Surgical operations 
should be avoided during pregnancy, but 
when necessary the writer believes that ether 
is the inhalation anesthetic of choice. 


CHOICE OF ANZSTHETIC IN LABOR 

The danger of each anesthetic is materially 
lessened by the intermittent administration 
in labor, and the small amounts employed. 
The value of an anesthetic at this time varies 
in proportion to the degree of analgesia which 
may be secured during the first few inhalations 
after the beginning of a contraction. Chloro- 
form and nitrous oxide, properly administered, 
afford about equal relief. But chloroform is 
more toxic, less pleasant, and interferes to a 
greater degree with the progress of labor. 
The administration of chloroform with pure 
oxygen is very expensive and probably does 
not increase its safety. For the patients who 
cannot afford nitrous oxide-oxygen the writer 
uses etherized air, self-administered in the 
way the nitrous oxide is given. This has 


many advantages over the old method of 
using the cone and it is very inexpensive. 
It must be remembered that babies born after 
the mothers have had chloroform or ether 
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require many hours to completely eliminate the 
anesthetic, and, therefore the writer believes 
the intermittent use of nitrous oxide-oxygen 
the safest and most desirable analgesic in labor. 


GENERAL CONCLUSIONS 

1. The administration of chloroform, ether, 
or nitrous oxide-oxygen to pregnant or non- 
pregnant animals, if given over a long period 
of time and repeated on successive days 
causes degenerative changes in the tissues. 
The changes found in the liver are the most 
constant. Those following the use of chloro- 
form are the most severe. 

2. If the degeneration is not sufficiently 
great to cause death, the animal gradually 
recovers from the effect of the anzsthetic, 
but it seems probable that results of the 
injury may persist for a considerable time. 

3. With ether and nitrous oxide-oxygen 
the changes are chiefly those of cell asphyxia- 
tion, yet it is evident that the cells recover 
more slowly following ether than they do 
after nitrous oxide. The central necrosis 
following chloroform is very different from 
that seen in asphyxiation and more 
permanent. 

4. The long-continued use of these anes- 
thetics must be considered dangerous to the 
foetus in utero. Chloroform and nitrous oxide 
anesthesia seems more dangerous to the 
foetus than ether. The continuous nitrous 
oxide-oxygen analgesia while less dangerous 
than the anesthesia, should not be admin- 
istered over long periods. 

5. The marked fatty degeneration of the 
livers in all three of the young born after 
their mothers had only one hour of chloro- 
form-oxygen anesthesia shows that pure 
oxygen does not remove the danger of chloro- 
form. 

6. The changes following the use of nitrous 
oxide being identical with those seen after 
ordinary asphyxiation it seems fair to believe 
them due to long-continued interference with 
cell oxidation. 

7. There is no reason for believing that 
the intermittent use of four or six inhalations 
of nitrous oxide-oxygen at the beginning of 
the uterine contractions can be of any mate- 
rial danger to the foetus. The nitrous oxide 
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absorbed has been largely eliminated by the 
end of the contraction and normal metabolism 
is not disturbed during the interval. 

8. Since it is evident that anesthesia 
during pregnancy may be a source of con- 
siderable danger to the foetus, it is believed 
that operations should be avoided, if possible, 
during this period. The foetus in ulero and 
the newborn would appear to stand ether 
anesthesia better than chloroform or nitrous 
oxide-oxygen. 
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A COMBINED BACTERIOLOGICAL AND HISTOLOGICAL STUDY OF THE 
ENDOMETRIUM IN HEALTH AND IN DISEASE! 


By ARTHUR H. CURTIS, M.D., F.A.C.S., Cu1caco 


From the Pathological Laboratory and Gynecological Service of St. Luke’s Hospital 


HE uterus has long been considered a 
| favorite place for localization — of 
chronic infections, and countless 
women have been scraped with a curette 
for relief from ‘“endometritis.” Many 
gynecologists have thought that curettage 
would also result in the disappearance of 
innumerable other ailments, often totally 
unrelated and centered in tissues far remote. 
These views are being slowly discarded, but 
our knowledge of infections of the uterus has 
not undergone a development corresponding 
with the improvement in our surgical judg- 
ment. That part of the field concerned with 
infections of pregnant women has been sub- 
jected to extensive investigation; otherwise 
the bacteriology of the endometrium is not 
well known. 

The part played by focal infections of the 
pelvic organs in the causation of chronic 
systemic diseases, remains essentially prob- 
lematical. 

Not only systemic lesions of an anatomic 
nature, but also functional disorders, result 
from infections of the female genitalia. No 
one can question that serious functional dis- 
turbances are often directly traceable to 
altered internal secretion produced by in- 


flammatory pelvic disease. This neuro- 
gynecological group of affections promises 
to offer new problems of interest. 

Most of the limited number of studies con- 
cerned with the bacteriology of the uterus of 
the non-pregnant were reported in the early 
literature. Present-day methods of making 
cultures, such as grinding of the tissues in 
search for buried foci of infection, have not 
been employed. 

It has been my endeavor to search the 
literature exhaustively for all that it yields 
pertaining to chronic endometritis, including 
physiological, pathological, and bacteriological 
studies. By way of introduction it would 
seem desirable to summarize such of these 
papers as appear to have contributed to our 
knowledge of the subject. 


LITERATURE 
Histology. In comparatively recent studies 
Hitschmann and Adler? brought forth evi- 
dence that most cases classified as endo- 
metritis are devoid of histological signs of 
infection. The varied appearance of the 
endometrium is ascribed chiefly to changes 
? Hitschmann and Adler. Ztschr. f. Geburtsh. u. Gynaek., 1907, 63; 


Monatsch. f. Geburtsh. u. Gynaek, 1908, xxvii 1; Arch. f. Gynaek, 1913, 
C, 233. 


' Read before the Chicago Gynecological Society, May 18, 1917, and awarded prize for best paper on original research presented during year 
1916-1917. (For discussion see p. 241.) 
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characteristic of different phases of the 
menstrual cycle. While they admit the 
occurrence of glandular hypertrophy of the 
endometrium from other than physiological 
causes, such as fibroids and passive conges- 
tion, it is emphatically denied that a hyper- 
trophic endometrium may result from in- 
flammation. 

Hitschmann and Adler likewise insist that 
inflammation of the uterus never causes 
hemorrhage. They assert that idiopathic 
bleeding from the uterus, not ascribable to 
systemic causes, is always produced by 
deranged function of the ovaries. 

These authors accept but one form of 
endometritis, the interstitial. This they be- 
lieve is similar to inflammation in other parts 
of the body; but because it is difficult to 
recognize cellular changes, due to almost 
constant physiological alterations in the 
endometrium, plasma-cells are relied upon 
for diagnosis. They have implicit faith 
that plasma-cells (Fig. 1) are always present, 
and are pathognomonic, in chronic endo- 
metritis. Buettner' takes exception to this. 
He finds plasma-cells present in small num- 
bers without inflammation; and he further 
notes that many have remarked the absence 
of plasma-cells when the process was acute. 
Henkel,? with polychrome stain, could not 
find distinct plasma-cell increase even in 
cases with definite chronic interstitial changes. 

In a study of the etiology of uterine hemor- 
rhage, Schickele and Keller* also find no 
relationship between hypertrophy of the 
endometrium and hemorrhage. Neither do 
they believe that changes in the uterine 
musculature or connective tissue are re- 
sponsible for the bleeding. 

If we direct our thoughts to the frequency 
of endometritis, the almost-forgotten ad- 
vice of Emmet, as expressed in his text, de- 
serves consideration. Emmet warned against 
the diagnosis of chronic endometritis; he 
maintained that infection, when present, is 
chiefly secondary to lesions of other pelvic 
organs. This view finds support in a his- 
tological study of endometria from 800 

1 Buettner. Gynaek. Rundschau, 19009, iii, 508. 


2Henkel. Ztschr. f. Gynaek., 1909, xxxiii, 201. 
3 Schickele and Keller. Arch. f. Gynaek., to11, xcv, 609. 
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pathological cases in Kelly’s* clinic, in which 
Cullen was able to find evidence of non- 
tuberculous endometritis in only 49. Charles 
Norris’ made histological examination of 995 
endometria with similar results. 

Bacteriology. Surprisingly few have _ in- 
vestigated the bacteriology of the endo- 
metrium. 

Webb,® in the clinic of Bland Sutton, in- 
oculated media: with material from the 
uterine cavity of 10 cases at the time of 
supravaginal hysterectomy for fibromyoma. 
His results revealed essentially no growths. 

Bumm’ studied the bacteriology of uterine 
scrapings, and decided that the few bacteria 
found were not the cause of endometritis. 

In 39 cases in which the normal uterus was 
removed, Winter* attempted to secure cul- 
tures with material obtained from the endo- 
metrial surface by means of a platinum loop. 
He concluded that the healthy uterine cavity 
contains no bacteria. 

Wertheim,’ in the days when acute gonor- 
rhoeal cases were operated upon, reported the 
gonococcus in the uterine secretion in 8 out 
of 18 cases with “‘undoubted uterus gonor- 
rhoea.”” He believed the uterus second only 
to the urethra as a favorite seat of gonorrhoea. 

Menge" has probably been more deeply 
interested in the bacteriology of the female 
genitalia than has any other gynecologist. 
In the course of his earlier work the uterine 
cavity of 95 cases was studied; these included 
both healthy and diseased endometria. Only 
4 uncontaminated cases showed infection; 
the gonococcus was recovered from 2 cases 
with recent salpingitis, and 2 revealed tuber- 
culosis. Menge concluded that the normal 
uterine mucosa contains no bacteria. The 
so-called ‘‘endometritic”? mucosa contains no 
bacteria except the gonococcus or tubercle 
bacillus. 

‘Kelly. Medical Gynecology. New York: D. Appleton & Co., 
1908, p. 273. 


5 Norris. Gonorrhcea in Women. Philadelphia and London: W. B. 
Saunders & Co., 1913, p. 233- 
®Webb. Med. Press & Circ., 1902, civ, 459. 
_7Bumm, E. Verhandl. d. deutsch. Gesellsch. f. Gynaek, 
vi, 199. 
8 Winter. 


1895, 


Ztschr. f. Geburtsh. u. Gynaek., 1888, xiv, No. 2, 443. 


Wertheim. Verhandl. d. deutsch. Gessellsch. f. Gynaek., 1895, vi, 
199. 
10 Menge. Menge u. Kronig, Bakt. des weiblichen Genitalkanales. 
Leipzig, 1897; Finger’s Handbuch d. Geschlechtskrankheiten, Wien, 
Holder, 1912, ii, 323. 
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Note.— It must be noted that this work of Menge, 
although excellent in technique, was done twenty years 
ago. The culture media of that date was somewhat in- 
ferior, only a small amount of tissue was inoculated into a 
few tubes, and cultivation of bacteria from ground tissues 
was not practiced. 


In his later discussion Menge emphasizes 
the frequency of chronic gonorrhoea of the 
uterine fundus. To the gonococcus he 
ascribes the power, not common to other 
bacteria, of passing the internal os without 
difficulty. He says, ‘‘The cervix uteri fails 
completely in the function of protective 
organ when the gonococcus is the invading 
organism.” Yet a search of Menge’s pub- 
lications indicates that his belief in chronic 
gonococcal infection of the body of the uterus 
is deduced from clinical experience, and is 
not based upon bacteriological evidence. 


REMARKS 


We see from these contributions to the 
literature that Hitschmann and Adler have 
demonstrated monthly cyclic changes in the 
endometrium. Just how regularly these 
changes occur remains open to argument, as 
does also the claim of these authors that 
hypertrophy of the endometrium never re- 
sults from infection. It seems agreed that 
non-inflammatory pathological processes, 
e.g., abnormal ovarian activity, fibroids 
(Fig. 2), passive congestion, certainly produce 
excessive development of the endometrium. 

In the problem of uterine hemorrhage: the 
tendency has been to discard the theories of 
Palmer Findley' and of Theilhaber.2 Mus- 
cular insufficiency and connective-tissue 
changes are rejected as cause of bleeding; 
we also find it widely asserted that glandular 
variations and inflammations of the endo- 
metrium never produce hemorrhage. As a 
substitute for these rejected older beliefs 
there is acceptance of the claim of Hitschmann 
and Adler that mysterious bleeding from the 
uterus, unless caused by tumors or the pro- 
ducts of pregnancy, is chiefly due to disturbed 
function of the ovaries, produced either by 
anatomical or purely functional derangement. 
It would seem advisable to investigate 
carefully every case of idiopathic uterine 


1 Findley. Tr. Am. Gynec. Soc., Phila., 1905, xviii, 390. 
2 Theilhaber. Arch. f. Gynaek., ro14, cii, No. 1, 165. 
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hemorrhage in order to learn the correctness 
of this belief. 

Bacteriological studies have rarely shown 
organisms in the uterus except in acute cases. 
Despite this, Menge and others assert that 
the endometrium is highly susceptible to 
chronic gonococcal infection. 

In further study of the bacteriology of the 
endometrium it has seemed to me especially 
desirable to compare histological evidences of 
chronic inflammation of the endometrium 
with culturesfrom thesamematerial. Though 
we are interested in the frequency with which 
the endometrium yields histological signs of 
endometritis, after all, a problem of more 
vital clinical importance is whether bacteria 
live in those tissues which appear altered. 
We wish to learn whether the presence of 
mononuclear cells in a given piece of tissue 
means a possible focal infection of the uterus; 
and we need to know whether such a uterine 
cavity can be handled with impunity at 
operation, or must be considered a zone of 
danger from which infection may spread. 

Again, our foremost authorities make 
applications to the fundus endometrium in 
endeavors to cure patients with infectious 
leucorrhoeal discharges. It is desirable to 
determine whether there is chronic infection 
in the body of the uterus frequently enough 
to make such treatments advisable. 


MATERIAL AND TECHNIQUE 

The present report embraces a series of 118 
cases. It has been my object to make a study 
of the endometrium, exclusive of the cervix, 
in all conditions usually encountered except 
those associated with pregnancy. All mate- 
rial has been secured from uteri removed at 
operation. Scrapings from the endometrium 
are so liable to contamination that cultures 
from them are not included in this series. 

The variety of media employed and other 
procedures followed are in close accord with 
details described in the bacteriological study 
of uterine fibroids.* 

With sterile instruments and culture mate- 
rial in readiness, the stump of the cervix and 
entire length of the peritoneal surface of the 
uterus are cauterized, and the anterior wall 


Curtis. J. Infect. Disc., 1916, xix, 712. 
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Fig. 1. Extensive plasma cell infiltration, seen under 
high power. Claimed by Hitschmann and Adler to be 
pathognomonic of endometritis. 


bisected. The greater part of the endome- 
trium is excised in its entire thickness, down 
to the muscle layer, and is placed in sterile 
containers to be ground and cultured. The 
remainder serves for immediate examination, 
for inoculation of culture media with unground 
tissue, and for microscopic study. 

This technique affords immeasurably more 
material than is secured by pipette or plati- 
num loop. Through examination of so much 
endometrium, including the deeper portion, 
it is hoped that the possibility of overlooking 
dormant infections has been reduced to a 
minimum. 


DETAIL OF CASES STUDIED 


In the classification of cases, it has Seemed 
best to distinguish between nulliparous and 
parous patients. Among the latter, preg- 
nancy has introduced the possibility of 
fundus contamination and has also rendered 
the cervical canal relatively more patent for 
the ascent of germs into the uterus. Each of 
these two groups has again been divided into 
those in which the history has been normal 
and those with history or operative evidence 
of pelvic infection. Therefore, for conve- 
nience in study, we have four classes of cases 
to consider. 
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Fig. 2. Hypertrophic endometrium caused by fibroids. 
Formerly called hypertrophic “endometritis.”’ 


Group 1. The endometrium of nullipara 
without history of infection. In this series of 
26 cases, fibroid tumors were responsible for 
hysterectomy in all but a few instances. 
Gross evidence of inflammation was absent 
throughout. 

No bacteria were obtained from 23 endo- 
metria, and microscopic examination of 
these cases showed no signs of inflammation. 

The material from three patients yielded 
growth. In the first of these with infiltrating 
fibroid tumors, there were many colonies of 
long-chained non-hemolyzing streptococci in 
cultures of the endometrium. (A similar 
growth was obtained from the fibroids, 
which were infiltrating in character and 
packed in the pelvis, but did not otherwise 
suggest the presence of infection.) Micro- 
scopic examination of the endometrium of 


_this case was not made. 


In another (Case 14), the uterus had been 
previously curetted, with careful technique. 
The uterine scrapings showed no evidence of 
inflammation. In cultures made from the 
endometrium at the time of hysterectomy, 
eight days subsequent to the curettage, a 
varied assortment of bacilli and cocci were 


181 


182 SURGERY, GYNECOLOGY AND OBSTETRICS 


Fig. 3. Endometrium 8 days after curettage, showing 
polynuclear leucocytes, plasma cells, and other mononu- 
clear cells in abundance. 


isolated. Sections through the fundus, in 
contrast with microscopic preparations of the 
curetted material, show very marked cellular 
infiltration (Fig. 3) in the superficial endo- 
metrium; the submucous veins and lymphatics 
are packed with great numbers of polynuclear 
leucocytes (Fig. 4). 

The third case presents a similar picture, 
histologically less striking. Curettage (in 
this instance by another operator) revealed 
no signs of infection. In contrast, the endo- 
metrium after complete hysterectomy,, per- 
formed six days later, showed a large number 
of polynuclear neutrophiles in cut sections, 
and yielded a rich mixed growth in each 
culture tube. 

Summary: Of 26 supposedly non-infected 
nulliparous cases, cultures and tissues were 
normal in 23. From the endometrium and 
infiltrating fibroid tumors of 1 case strepto- 
cocci were isolated. ‘Two cases, which had 
been been curetted respectively eight days 
and six days before hysterectomy, showed 
mixed growth in cultures and_ histological 
evidences of endometritis. 

Group 2. The endometrium of nullipara 
with history or gross evidence of pelvic infection. 
Thirteen cases comprise this group. 

Inoculated media remained sterile in 9 


Tig. 4. Same case as seen in Fig. 3; submucous veins 
and lymphatics of endometrium packed with polynuclear 
leucocytes. 


cases in which clinical evidence suggested 
that a gonorrhoeal pelvic infection had died 
out long before. Three other cases, these 
probably not of gonorrhoeal origin, also 
yielded no growth. 

Examination of the histological material 
from these 12 cases, with history of infection 
but without growth, shows a correspondence 
with the cultures in most instances. One 
reveals chronic tuberculosis. In another a 
chronic cellular increase is present, but the 
entire microscopic picture suggests that in- 
fection has died out. The next case presents 
the only example of contrary evidence. In 
this endometrium are many plasma-cells and 
a good number of scattered polynuclear 
leucocytes. Despite this, gonococci were not 
obtained. An absence of bacteria in the 
seropurulent content and ground wall of the 
fallopian tube reinforces the assumption that 
we failed to obtained growth from the endo- 
metrium of this case because viable bacteria 
had disappeared from the tissues. 

In the only one of this group to yield growth 
there was a recurrent pelvic infection of 
sixteen years’ duration; operation revealed 
an oedematous congested uterus in addition 
to chronically diseased tubes. Such tissues 
have been held to be free from living gon- 
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ococci; yet the endometrium from this uterus 
yielded many translucent pearly colonies 
of gram-negative, biscuit-shaped diplococci. 
The clinical history lends further weight to 
the probability that in this case the origina] 
infection had remained recurrently active all 
the sixteen years throughout which the pa- 
tient suffered from attacks of pelvic trouble. 
Microscopic examination showed one gland 
acinus loaded with pus; a few polynuclear 
leucocytes were also found in the stroma, and 
round cells were fairly numerous. 

Summary: Of 13 nullipara with history 
of pelvic infection, 12 yielded no growth. 
Histologically, 9 of these were normal; 1 
showed tuberculosis, 1 a slight cellular in- 
filtration, and 1 was invaded by polynuclear 
and plasma-cells. The endometrium of a 
case with recurrent infection of sixteen 
years’ duration yielded gonococci in cul- 
tures and histologic evidence of chronic en- 
dometritis. 

Group 3. The endometrium of parous women 
without history or gross evidence of pelvic 
infection. ‘The material from 47 patients 
was examined. Fibroids were present in half 
of the cases. Several without fibroids were 
subject to ‘“‘idiopathic” uterine hemor- 
rhage. 

Of the total number, 43 revealed no growth. 
The endometrium of a prolapsed uterus, 
removed by vaginal operation and therefore 
subject to contamination, showed a few 
colonies of short gram-negative bacilli scat- 


-tered among several tubes of media; their 


presence is ascribed to contamination. There 
was no histological evidence of inflammation. 
The results in another case, with several 
colonies of diphtheroid bacilli, are also of 
minor interest, for diphtheroid bacilli have 
been found to contaminate often. Here, 
again, microscopic examination shows a 
normal endometrium. 

Through process of elimination, therefore, 
but two cases (12 and 26) out of a total of 
47 endometria from parous women without 
history of infection, yield growth sufficient 
to merit further consideration. 

One of these (Case 12), subjected to dilata- 
tion and exploration preliminary to operation, 
yielded colonies of Doederlein bacilli, gram- 


Fig. 5. Anaerobic streptococci, obtained in pure cul- 
ture from the endometrium of a patient with idiopathic 
uterine hemorrhage. 


negative vaginal bacilli, and staphylococci. 
Upon microscopic examination there was 
no evidence of endometritis. 

The last of this series to yield growth (Case 
26) differs from all the others. This patient 
had not been subjected to intra-uterine 
manipulations since seven years ago, when 
curettage was performed for persistent bleed- 
ing which followed spontaneous abortion. 
Thirteen months previous to hysterectomy, 
menstruation began gradually to increase in 
amount, finally eventuating in almost con- 
stant oozing of blood. At operation the 
uterus was found enlarged, but no evidence 
of infection was noted. The ovaries, ex- 
amined with special care, appeared normal in 
all respects. The endometrium was boggy 
and thick; fresh preparations showed no 
bacteria but numerous pus-cells. In each 
anaerobic culture tube there were from 4 to 20 
colonies of anaerobic streptococci in pure 
culture (Fig. 5). On microscopic examination 
(Fig. 6) enormous numbers of plasma-cells 
and a large number of polynuclear leucocytes 
were seen throughout the endometrium. 
The gradual development of hemorrhage, in 
the presence of anaerobic streptococcus in- 
fection, suggests that, in this instance, infec- 
tion may be responsible for bleeding from the 
uterus. 

In a microscopic study of the endometrium 
from the 43 cases of this group without bac- 
terial growth, absolutely normal tissues were 
found in 33. 


i 


184 


SURGERY, GYNECOLOGY AND OBSTETRICS 


Fig. 6. Endometrium of case from which anaerobic 


streptococci were isolated. Polynuclear and plasma cells 


abundant. 


Of the 1o remaining, a round-cell infiltra- 
tion was evident in 3. These were all hyper- 
trophic uteri, 1 the result of pelvic relaxation 
and congestion, 1 with fibroids causing pres- 
sure hypertrophy of the endometrium, and 
1 a large soft organ without evident reason for 
the enlargement. 

Plasma-cells in addition to other round 
cells were seen in 4 cases. One of these was 
a chronic syphilitic uterus. Another, with 
small fibroids and chronic hypertrophy, 
showed clumps of round cells, many plasma- 
cells, and eosinophiles; a cause for infection 
had not been evident since abortion eighteen 
years before. In a third case the uterine 
cavity held an egg-sized fibroid polyp. The 
cedematous endometrium contained very 
many diffusely scattered plasma-cells with 
but few other round cells. The fourth case, 
a large soft uterus, with a boggy premenstrual 
endometrium, showed a rich “sprinkling” 
of mononuclear cells; many were plasma- 
cells. No history of infection was ascertain- 
able. 

Finally, we come to 3 cases with poly- 
nuclear leucocytes. One of these was bleed- 
ing, one menstruating, and one had much free 
blood in the endometrium. I have been 
surprised at the frequency with which the 


Fig. 7. Endometrium with diffuse plasma and other 
round-cell infiltration. No bacteria in culture; this is 
a usual experience. 


non-infected endometrium at the time of 
menstruation, and especially late in men- 
struation, contains polynuclear leucocytes 
far out of proportion to the red blood-cells. 
Summary: Of 47 parous women, supposed 
not to be infected, the endometrium of 2 
showed growth. One of these with intra- 
uterine manipulation preliminary to opera- 
tion, yielded a moderate number of colonies 
in mixed culture and was microscopically 
normal. The other, a victim of persistent 
uterine hemorrhage, showed anaerobic strep- 
tococcus infection and microscopic evidence 
of endometritis. The 45 cases without 
growth include 3 with slight round-cell 
infiltration, 4 with plasma-cells (1 of these 
syphilitic), and 3 with some polynuclear cell 
increase in the presence of uterine flow. 
Group 4. The endometrium of parous pa- 
tients with history or gross evidence of pelvic 
infection. Most of the 32 patients in this 
group had at some time suffered from infection 
of the tubes and pelvic peritoneum. It 
should be mentioned at this time that patients 
in whom infection is thought to be active 
have not been subjected to operation; the 
few such cases included in this series are 
examples of recurrent pelvic disease. 
Twenty-three of these show no growth. 
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TABLE I.—INCIDENCE OF BACTERIA IN CULTURES FROM THE GROUND ENDOMETRIUM OBTAINED 
AFTER HYSTERECTOMY 


Growth 
3 
Type of Cases = 8 Remarks 
812/818) 8] 2] 
Nullipara without history or| 26 23 3 I 2 The two cases with mixed growth were 
gross evidence of infection « curetted a few days previously. 
Nullipara with history or. gross| 13 12 I I One case revealed chronic tuberculosis. No 
evidence of infection bacteria were obtainable from one case 
with distinct inflammatory changes. 
Parous women without history) 47 43 4 1* I I I 1* anaerobic. , 
or gross evidence of infection Mixed growth from a case subjected to pre- 
liminary intra-uterine manipulation. 
Parous women with history or} 32 23 rr) 5 2 I One streptococcus case packed to control 
gross evidence of infection bleeding two days before operation. All 
others except diphtheroid bacillus case 
— similar growth from the fallopian 
tube. 


Bacteria were obtained from the endo- 
metrium 9 times, as follows: 

One case, with hemolytic streptococci in 
cultures, had been packed to control hamor- 
rhage two days before operation. Infection 
presumably resulted from this procedure. 

The endometrium of another uterus, opened 
at operation, revealed only diphtheroid bacilli, 
organisms with a great tendency to contam- 
inate in cultures from this region. Micro- 
scopic examination showed a normal endo- 
metrium. 

Elimination therefore reduces our list to 
seven cases with infection. Of these, five 
showed gonococci. Three were typical 
instances of chronic recurrent gonococcal 
infection, with history of first attacks re- 
spectively four years, fourteen months, and 
seven years before operation. Another was 
more recent. These four patients were 
regularly exposed to reinfection. Gonococci 
were isolated in cultures from the endo- 
metrium and from the fallopian tubes of all. 
Microscopically all showed subacute recur- 
rence of chronic endometritis. 

The fifth patient (Case 27) had undergone a 
right salpingectomy six months before ad- 
mittance to the service; a few weeks later 
an abdominal sinus developed. Operation 
revealed that the sinus was continuous with 
the remaining left tube, which was thickened 
and contained pus. The endometrium was 
soft, pale, and on microscopic examination 


was found packed with plasma- and _ pus- 
cells; gonococci were numerous in pure 
cultures from the endometrium and from the 
tube. It appears that gonococci had been 
alive and active in the deep pelvic tissues for 
a period of at least six months without 
renewal of infection from without. 

The history of another patient (Case 5) 
indicated a pelvic infection of uncertain 
etiology, with onset many years ago. There 
was found an old inflammation of the tubes 
and ovaries without exudate but with very 
firm adhesions, involving all pelvic viscera. 
Each of half a dozen culture tubes contained 
from one to six colonies of gram-positive 
diplococci. A similar growth was isolated 
from the fallopian tube. The diplococcus 
refused to yield characteristics of either 
staphylococci or streptococci in sub-cultures. 
In ascites-broth there was slight turbidity 
with a cloudy sediment; an almost trans- 
parent growth developed on other media. 
Large intravenous injections proved non- 
virulent for rabbits. Microscopic examination 
of the diseased tube and ovary showed low- 
grade inflammation; there were many clumps 
of round cells with numerous polynuclear 
leucocytes. No sections were secured from 
the endometrium. 

The ninth case with growth (Case 11) gave 
a history of an infected retained placenta 
twenty-three years ago. From that time 
she suffered from ill health. There was a 
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TABLE II.—COMPARATIVE BACTERIOLOGY AND HISTOLOGY OF THE ENDOMETRIUM 
Histology Histology 
> 
3 3 

Nullipara without| 23 | 22 I Polynuclears from a case at 2 | The two cases with marked 
history or gross end of menstruation changes were curetted a 
evidence of in- few days before. No sec- 
fection tions from the third. 

Nullipara with his-| 12 9 2 1 | One case chronic tuberculo-|| 1 I 
tory or gross evi- sis. No bacteria obtain- ' 
dence of infection able from one with distinct 

inflammatory changes 

Parous women with-| 43 | 33 | 3 3 4 Round-cell infiltration all} 4 3 I Uterus explored in 1 case. 
out history or found in hypertrophic Diphtheroid bacilli one 
gross evidence of uteri. Polynuclear leuco- case. Vaginal hyster- 
infection cytes all found in cases ectomy one case. (These 

near time of menstruation are the 3 cases with nor- 
mal histology.) 

Parous women with| 23 | 10 | 1 2 7 3 | Two cases with plasma-cells||} 9 I I 6 | Cultures from normal cases 
history or gross had probably been free yielded only diphtheroid 
evidence of infec- from infection for many bacilli. Endometrium of 
tion years. No growth ob- one not examined; tube 

tained from three cases showed low-grade inflam- 
with — distinct endo mation. 
metritis 


pelvic abscess eleven years later, also fre- 
quently recurrent attacks of pelvic peritonitis 
after that time, the last seven months before 
operation. Operation revealed a large double 
hydrosalpinx, an inflammatory cyst of the 
ovary, and a greatly hypertrophied uterus. 
In cultures of the endometrium there ap- 
peared only one colony of non-hemolyzing 
streptococci, but importance attaches tq this 
because fallopian tube cultures contained 
several similar streptococcus colonies. These 
were non-virulent for rabbits. Histological 
examination of the endometrium revealed 
marked infiltration with round cells, some of 
which were plasma cells. 

Histological examination of the endometria 
from the 23 cases of this group without bac- 
terial growth showed that 10 were micro- 
scopically unaltered; 13 revealed changes. 

Of these 13 culturally normal but histo- 
logically altered endometria obtained from 
parous women with history of pelvic infection, 
two (Cases 15 and 16) showed round cells 
only. Neither gave history or gross evidence 
of active infection within recent years. 

One case (Case 19), examined under high 
power, revealed a notable (postmenstrual?) 
polynuclear increase in the lymph and blood 


spaces of the endometrium. The only history 
of infection dates back to sixteen years ago, 
when thickening of the tubes developed. 

Sections from 7 bacteria-free endometria 
contain plasma cells and round cells. Two 
of these (Cases 13 and 14) give no history of 
infection for ten years and fifteen years re- 
spectively. The other 5, all complicated by 
salpingitis, suffered from chronic infections of 
somewhat more recent dates. 

Lastly, 3 endometria without growth 
(Cases 25, 30, and 32) showed definite endo- 
metritis microscopically. One (Case 32) was a 
severe non-gonorrhoeal pelvic infection of 
over two years’ duration; with abundant 
polynuclear leucocytes both in smears and 
microscopic specimens of the endometrium, 
we were surprised not to obtain growth. 
Sections from the other two cases, both com- 
plicated’ by salpingitis, showed moderate 
numbers of polynuclear leucocytes with 
abundant round cells, but no bacteria from 
the endometrium or fallopian tubes. 

Summary: Of 32 parous cases with history 
of chronic infection, 9 showed growth; 4 of 
these, regularly exposed to re-infection, 
yielded gonococci and showed histological 
subacute endometritis. Another, without 
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exposure for six months, had inflammation of 
the endometrium and fallopian tube with 
gonococci from both. Two cases of many 
years’ standing, yielded respectively a diplo- 
coccus and a streptococcus both from the 
endometrium and from the fallopian tubes. 

Ten endometria without growth proved 
microscopically normal, 2 contained round 
cells, 1 a postmenstrual polynuclear increase, 
7 had plasma and round cells, and 3 revealed 
distinct histological endometritis. 


COMMENT AND CONCLUSIONS 


From this work I believe that the endo- 

metrium of nullipara, without history or 
gross evidence of pelvic infection, is almost 
invariably free from bacteria; it is also micro- 
scopically normal. 
. Almost all women who have undergone 
normal pregnancy, with pelvic history other- 
wise negative, likewise possess bacteria-free 
endometria; the possibility of infection ap- 
pears to be but slightly increased by preg- 
nancy and the usual changes consequent 
thereto. Microscopic variations from the 
normal occur in a modest percentage of 
these cases, and are confined chiefly to round- 
cell and slight plasma-cell infiltration. 

Patients with a history of chronic infection, 
from whose endometrium bacteria are ob- 
tainable, almost all have salpingitis with 
equally good growth. Pyometra and recent 
exploration of the uterus excepted, the endo- 
metrium almost never shows bacteria except 
when there is infection of adjacent pelvic tissues. 
Chronic endometritis, per se, with bacteria 
present in smears or cultures, is practically to 
be ruled out as a clinical entity. 

The gonococcus is the organism most 
commonly found. It is difficult to state how 
long the gonococcus lives in the uterus and 
tubes, because most. patients with gonococcal 
disease are repeatedly subjected to reinfection. 
In one case it was isolated six months after 
the patient had last been exposed. 

Streptococci and diplococci are less com- 
mon. They appear to live longer in the 
tissues than does the gonococcus and ap- 
parently can be isolated long after all in- 
fection seems to have disappeared. 

I would not accept Menge’s claim that 
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the gonococcus possesses a power, not com- 
mon to other bacteria, of passing the internal 
os without difficulty. Morelikely, the gonococ- 
cus enters the uterus with the greatest 
frequency not because of special properties 
which it possesses, but. because it is the in- 
fectious organism most often brought into 
contact with the cervix. 

Hitschmann and. Adler claim that plasma 
cells are pathognomonic of inflammation; 
that their presence always means inflamma- 
tion; and their disappearance signifies cessa- 
tion ofit. Plasma-cells denote “inflammation” 
in its broadest sense, but they are not regu- 
larly co-incident with bacteria. Moreover, I 
have found plasma cells present in oedema of 
the endometrium when all other evidence indi- 
cated that inflammation did not exist. 

Significance attaches not only to the pres- 
ence of plasma cells but also to infiltration 
with other mononuclear cells. The tendency 
is entirely to disregard these, because it is 
held that mononuclear cell infiltration can 
not be distinguished from normal lympho- 
cytes. Observation reveals that this is 
erroneous. Lymph follicles and more diffusely 
distributed normal lymphocytes are arranged 
with some regularity. Mononuclear cell 
infiltrations, on the contrary, are irregularly 
placed in groups and richly scattered through- 
out. 

In my experience the microscopic evidences 
of endometritis coincide quite well with 
cultural results. The bacteria disappear first, 
followed in turn by the polynuclear leuco- 
cytes, plasma-cells, and other mononuclear 
cells in order named. Bacteria have seldom 
been found unless there is infiltration with 
polynuclear leucocytes in addition to plasma 
and round cells (Fig. 7). It must be admitted 
that future improvements in cultural methods 
may yield bacteria from endometria with 
only mononuclear cell infiltration. In any 
event, mononuclear cells are indicative of 
lesser degrees of tissue reaction, and suggest 
that infection may be lurking in adjacent 
organs. 

Hitschmann and Adler deserve much 
credit for demonstrating physiological cyclic 
changes in the endometrium, but it is un- 
fortunate that they claim inflammatory 
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hyperplasia does not occur. Tissues possess 
an inherent tendency to hyperplasia under 
the stimulus of inflammation and there is no 
evident reason why the endometrium should 
be an exception to this rule. Histological 
study, with due regard for cyclic changes, I 
believe points toward the existence of true 
inflammatory hyperplastic endometritis. 

Again, should we agree that inflammation 
never produces uterine bleeding? Surely it is 
uncommon; but we find occasions, as in the 
above-reported case of anaerobic streptococ- 
cus infection, where inflammation of the 
endometrium is presumably the direct cause 
of hemorrhage. 

Clinical considerations. Several points of 
clinical importance come up in this work. 

We may first consider infection of the 
endometrium consequent to curettage. In 
certain cases normal scrapings have been 
obtained from the uterus; then, several days 
thereafter, in the endometrium secured by 
hysterectomy, mixed cultures and endo- 
metritis have been found. Infection is per- 
haps not a customary result of curettage, but 
it appears not uncommon. This has called 
my attention to the fact that preparation for 
instrumentation of the uterine cavity does 
not ordinarily include cleansing of the cer- 
vical canal. Yet this tissue is freely acces- 
sible to all vaginal flora. I believe it a wise 
precaution to gently introduce an iodine 
applicator as far into the cervix as it is 
patulous before attempting to pass instru- 
ments. 

Some will wonder, if curettage tends to 
contaminate the endometrium, why infection 
does not complicate hysterectomy in patients 
with preliminary curettage. Fortunately, 
nature can dispose of a few bacteria at the 
time they are introduced. But patients not 
operated upon until several days later, when 
the bacteria have had time to multiply, I 
believe are not ideal subjects. The problem 
is, in miniature, that which confronts the 
abortionist; he can meddle once with com- 


parative safety — but if tempted to interfere 
again, to complete the task, he works in a 
contaminated and dangerous field. 

A minor problem is concerned with the 
ideal time to select for operation. At the 
close of menstruation there persists a poly- 
nuclear leucocytosis. It would seem de- 
sirable, other conditions being equal, to 
choose this time for operation, when these 
protective leucocytes are available for aid in 
convalescence. 

A point of some interest involves the pos- 
sible infectiousness of the lining of the uterus. 
At the time of hysterotomy or of subtotal 
hysterectomy it is requisite that we know 
whether the endometrium can be handled 
with impunity. In response to this question 
it appears that if the tubes and other pelvic 
viscera are healthy, spread of infection from 
the endometrium need not be feared. Ex- 
ception to this rule must be made in case of 
pyometra or if the uterus has been recently 
explored. 

Next comes the problem of intra-uterine 
therapy. We have found that chronic 
infection of the corpus uteri speaks for almost 
certain involvement of other pelvic organs. 
Intra-uterine applications are therefore of 
little avail, for the most important focus of 
infection is well beyond their reach. Again, 
in the absence of bacteria, it may be desired 
to rid the patient of a persistent discharge. 
Study of this question makes it appear that 
mucus secreted from the body of the uterus 
is in very small amount, and limited mostly 
to the premenstrual period. In the cervix 
are glands, prolific in activity, especially 
adapted to mucus secretion. It is here, in the 
cervix, up to the level of the internal os, 
that we will do best to look for infection, and 
it is against discharge from the cervix that 
treatment can be efficiently directed. 


For material furnished and interest manifested in this 
work I am indebted to Dr. Thomas J. Watkins. Much 
material has also been obtained through the kindness of 
Dr. E. C. Dudley. 
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considerable attention to infection of 

the kidney by the colon bacillus com- 
plicating pregnancy. Its pathology, symp- 
tomatology, diagnosis, and treatment are 
familiar topics. We advance but one phase 
of this subject in this paper. 

It is recognized that in the great majority 
of these cases treatment by rest in bed, with 
the patient lying upon the right side or upon 
the left side as the symptoms indicate, with a 
limited diet and abundant use of water and 
with drugs which act as antiseptics to the 
mucous membrane of the urinary tract are 
quite sufficient. 

When these remedies fail, local treatment 
of pyelitis by catheterization of the ureters, 
draining the pelvis of the kidney and washing 
it out with antiseptic solutions is often suc- 
cessful. 

Opinions have differed concerning the 
efficiency of treatment by vaccine in these 
patients. It is recognized that resistance 
to the colon bacillus is not readily estimated 
by the opsonic index, but as a clinical fact 
the colon bacillus readily attacks the pelvis 
of the kidney in patients whose general power 
of resistance is lowered by overwork, under- 
feeding, illness, pregnancy, or acute intestinal 
disturbances. Vaccine treatment of these 
cases may benefit the symptoms but, as a 
rule, does not cure the condition. This 
probably results from the fact that the lesion 
is chiefly of the mucous membrane of the 
pelvis of the kidney and not of the kidney 
tissue itself. In experiments to determine 
the value of vaccines, Crabtree and Cabot,! 
found that the immunity conferred by the 
colon vaccine was of short duration and 
that while vaccine influences the symptoms, 
it does not materially control the lesion 
present. 

Danforth? reviews the modern literature 


(): late years obstetricians have given 
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of the subject thoroughly and reports a 
case favorably influenced by ureteral cathe- 
terization which showed the influence of 
pressure upon the right ureter. The ureteral 
catheter was stopped before it entered the 
pelvis of the kidney while the patient was 
lying upon the back or right side, but when 
the patient was turned upon the left side so 
that the uterus gravitated away from the 
ureter, the catheter passed without the slight- 
est difficulty. Danforth made studies to 
determine the relation existing between the 
bacteria present in the bladders of normal 
pregnant women and the pyelitis of preg- 
nancy. In this urine, taken under careful 
antiseptic precautions, staphylococcus of low 
virulence and occasionally the colon bacillus 
were found, but there was no evidence that 
the colon bacillus from the bladder gained 
access to the pelvis of the kidney by ascending 
through the ureter. Danforth, with a great 
many others, believes that the infection is 
carried by the blood. 

The writer has been especially interested 
in a series of cases in which medical treat- 
ment failed. In these cases the infection 
was severe and could be traced to the right 
kidney and the operation of nephrotomy 
with drainage was successfully employed. 
He has reported three cases of this procedure 
without the interruption of pregnancy and 
with a successful issue for mother and child 
and adds to this a fourth. 


The patient, a multipara, dark brunette, aged 29 
years, was admitted to the Maternity Department 
of the Jefferson Hospital in the seventh month of 
her fourth pregnancy. She had been ill for an 
indefinite time with a history of fever, pain in the 
back, and general malaise which had been mistaken 
for rheumatism. On examination she was fairly 
nourished but showed by her lassitude the effect of 
fever. She gave a history of having had chills and 
fever for about 10 days before admission. There 
was no history pointing to the toxemia of pregnancy 
nor was there evidence of specific infection. Soon 
after admission the patient had a severe chill, the 
temperature rising to 103.5° F. and then dropping 
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to 97° F. This was succeeded on the following day 
by another chill, the temperature rising considerably 
above 106° F. and dropping to 99° F.__ A third chill 
followed with a much lessened variation in pulse and 
temperature. During the severe chills the pulse was 
130, the average being 110. 

On examining the patient’s abdomen the jntes- 
tines were found to be moderately distended with 
gas. There was no tenderness over the uterus nor 
over the region of the appendix but deep pressure 
over the right kidney gave decided pain. This pain 
radiated along the course of the ureter. The urine 
obtained by catheter gave a pure culture of colon 
bacillus in great abundance. The patient had a 
leucocytosis of over 20,000. There had been 
considerable disturbance of digestion but there was 
no evidence of appendicitis or peritonitis. 

The patient was first treated by rest in bed, turn- 
ing upon the left side, milk diet with abundance of 
water, urotropin, saline purgatives; but without 
result. The temperature continued high with 
frequent chills. 

The operation was done by turning the patient 
upon the left side under ether and oxygen anesthesia 
and exposing the kidney by an incision parallel to 
the course of the twelfth rib. It was difficult to 
come upon the kidney for the uterus was sufficiently 
large to press it up beneath the ribs and the patient’s 
abdomen was not as long as is sometimes seen. 
When the kidney was reached, it was seen to be con- 
siderably enlarged and greatly congested. An 
attempt was made to anchor the kidney in the 
wound by passing a chromacized catgut suture 
through the edge of the wound and thence through 
the cortex of the kidney and out upon the other side 
of the wound. Although the suture was passed 
with difficulty, it could not be used to anchor the 
kidney for the substance was so soft that the suture 
tore through. Accordingly gauze was packed 
about the kidney and an opening made over the 
convex border and the gloved finger passed readily 
up to the pelvis of the kidney. Bloody urine 
escaped in considerable quantity. The kidney was 
then drained by passing a strand of gauze into the 
pelvis and bringing it out through the wound. The 
kidney was fixed by packing gauze around it and 
the wound partly closed, leaving a portion open for 
the gauze drain. Forty-eight hours after operation, 
the patient’s temperature had fallen to normal with 
corresponding improvement in the pulse and general 
condition. She steadily improved and went to her 
home under the care of her family physician with 
her wound almost healed. There was no sign of 
interruption to the pregnancy and foetal movements 
were plain and foetal heart sounds distinctly heard 
when the patient left the hospital. 


We do not believe that all cases of pyelitis 
of pregnancy require nephrotomy but our 
experience has caused us to consider ne- 
phrotomy and drainage as a prompt and suc- 
cessful method of relief in severe cases. 


The induction of labor is advocated by 
some and the logic of this course of action 
would be that the colon bacillus infection was 
the principle condition of which pregnancy 
was a complication. Therefore by ending 
pregnancy, one should expect to cure or 
greatly limit the colon bacillus infection. 
This does not seem reasonable to us for the 
colon bacillus infection is the complication to 
pregnancy and by the free drainage of the 
affected area, the infection clears up without 


‘interrupting the pregnancy. 


We have been especially interested in 
cases in which infection by the colon bacillus 
attacking the appendix, the colon, and sur- 
rounding tissue has complicated pregnancy or 
the puerperal state. The symptoms of this 
condition are often obscure and the diagnosis 
may not be easy. In pregnancy the symp- 
toms are those of appendicitis with a wider 
extent of tenderness over the colon. It may 
be difficult to determine whether the appen- 
dix or the right kidney is at fault although it 
is rare to find both infected at the same time. 
An exact diagnosis between appendicitis, 
colon bacillus infection of the right kidney or 
salpingitis may be impossible before the ab- 
domen is opened. 

The symptoms usually seen in appendicitis 
in women are those observed in these cases. 
Vomiting may not be so significant, in view of 
the fact that many pregnant women vomit 
in the early months. Leucocytosis, tender- 
ness, beginning paresis of the intestine, with- 
out signs of active peritonitis, point strongly 
to colon bacillus infection. The treatment is 
section with removal of the appendix followed 
by the use of free drainage if indicated. 

In some of these cases not only is appendi- 
citis present but also a pathological condition 
in the ovary or tube which obscures diagnosis. 


The writer recently operated upon a multipara, 
otherwise sound and healthy, in the fourth month of 
her third pregnancy, who complained of pain deep 
in the right lower abdomen with a sensation of dis- 
comfort extending down to the pelvic brim and with 
considerable nausea and disturbance of the stomach. 
On section a small ovarian cyst was found wedged 
into the pelvic brim beside the growing uterus and 
an adherent and chronically infected appendix 
pushed down to the pelvic brim. The removal of 
these was followed by the patient’s prompt relief 
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from her symptoms without the interruption of 
pregnancy. 


When colon bacillus infection occurs in 
puerperal patients, the first suspicion is 
naturally that of puerperal septic infection. 
If a clear history can be obtained concerning 
the management of the labor and any com- 
plications which may have occurred at labor, 
the diagnosis becomes much simpler. There 
are diagnostic points of interest which can 
be readily appreciated. In colon bacillus 
infection complicating the puerperal state, 
the lochial discharge is not suppressed or 
altered, the secretion of milk is but little if 
at all influenced, and the cardinal signs of 
septic infection are wanting. There is no 
active general peritonitis, the abdomen is 
moderately distended, the condition resembles 
somewhat that of ovarian tumor with twisted 
pedicle. In some of these cases the infection 
has undoubtedly antedated delivery for there 
is a history of malaise with indefinite ab- 
dominal pain before delivery. The character 
of the labor seems to have had no influence 
in the development of the infection. If the 
child has been nursed, it is surprisingly little 
affected by the mother’s condition if it be 
allowed to continue to nurse. 


A primipara, fairly nourished, gave birth to a full- 
term child in spontaneous labor in the Maternity 
Department of the Jefferson Hospital. Slight 
laceration occurred which was immediately re- 
paired and healed normally. The secretion of 
milk developed and the child nursed. Signs of 


’ abdominal infection developed later than is usual in 


puerperal sepsis and consisted in moderate abdom- 
inal distention with pain in the lower abdomen, 
generally diffused, and with tenderness on deep 
pressure over the head of the colon. There was 
considerable leucocytosis but the urine was prac- 
tically normal. The temperature ranged between 
102.5° and g9.5° F. and the pulse rate corresponded. 
The Widal test was negative and there was no 
evidence of septic disease. No pulmonary or cardiac 
condition could be found to account for the symp- 
toms. On the twelfth day of the puerperal period, 
the abdomen was opened, the lochial discharge 
having practically ceased. The uterus, tubes and 
ovaries were normal; involution had progressed 
fairly but the colon and abdominal peritoneum 
presented a very interesting appearance. Although 
there was no exudate upon the peritoneum, it was 
bright red and the lymphatics could be traced in 
lines of red. The colon was reddened, distended 
throughout its entire length, and beneath the peri- 


toneal coat could be seen areas of infection varying 
in size from a dime to a quarter dollar. These ulcers 
seemed to be covered with a yellowish gray exudate. 
The appendix was below the brim of the pelvis and 
surrounded by adhesions. It was brought up with 
some difficulty and found to be swollen and red- 
dened, and at its tip a small point of rupture, 
although no abscess had developed. It was re- 
moved, recent adhesions liberated and a large 
gauze bag carried to the bottom of the pelvic 
cavity and distended with strips of iodoform gauze. 
The patient was‘placed in Fowler’s position and 
salt solution given by rectum. Her recovery was 
prolonged by the gradual closure of the abdomen at 
the point of drainage, but her symptoms were 
immediately relieved and the pulse and temperature 
soon became normal. 

A Turkish woman admitted to the Maternity 
practically in labor. A few hours after admission 
she was delivered in a spontaneous normal labor of 
a healthy male child with very slight laceration 
which was immediately closed. Forty-eight hours 
after labor, her temperature rose to 104° F. and 
immediately dropped to 99°. This was followed by 
further rise until the temperature on two occa- 
sions reached 105.5° F. The pulse varied from 120 
to 140. The secretion of milk became established 
naturally. The abdomen was moderately distended, 
slightly tense and with tenderness on deep pressure 
in the right lower abdomen. The lochial discharge 
was normal and although the stitches were immedi- 
ately removed from the lacerated surface in the 
pelvic floor, the tissues were found clean and heal- 
ing. On opening the abdomen the peritoneum was 
universally reddened but there was no exudate. 
The uterus, tubes, and left ovary were normal while 
a small cyst had developed over a portion of the 
right ovary. Its pedicle was not twisted. The ap- 
pendix was high up almost beneath the liver and 
buried in a mass of adhesions. It was liberated with 
difficulty and removed and found to contain blood 
and pus without rupture. The patient was treated 
by drainage, free use of saline with stimulation, but 
she died of an overwhelming toxemia 48 hours 
after operation. Autopsy could not be obtained. 

A Greek woman, multipara, was delivered 
spontaneously of a female child in breech pre- 
sentation. Old lacerations were present. The 
patient’s temperature remained practically normal, 
the pulse varied considerably, the respiration was 
normal but a leucocytosis of 25,000 developed. The 
abdomen was not distended, moderately soft. 
There was indefinite general tenderness and distinct 
tenderness on deep pressure in the right lower 
abdomen. The urine was normal, the Widal test 
negative, and there was no evidence of syphilis. 
From the high leucocytosis with normal urine, the 
indefinite tenderness, malaise, and absence of 
symptoms of puerperal septic infection, it was 
believed that the patient had a colon bacillus in- 
fection complicating the puerperal state. At 
operation the colon was reddened, moderately dis- 
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tended, and the peritoneum was reddened. There 
was an unusual quantity of dark colored serum in 
the abdominal cavity and considerable inflammation 
about the head of the colon. The appendix was 
bound down by adhesions but had not ruptured. 
It was removed and the abdominal viscera palpated 
to determine the condition of the kidneys and gall- 
bladder. The kidneys were found to be normal in 
size and in normal position. The gall-bladder con- 
tained a moderate quantity of bile and no gall- 
stones could be felt. The patient gave no history 
of a pathological condition of the gall-bladder. 
The method of treatment by gauze drainage and 
salt solution was followed out in this case and the 
patient made an uninterrupted recovery, and sub- 
sequently resumed the nursing of her child. Ex- 
amination of the tissues removed showed the pres- 
ence of abundant colon bacilli in pure culture. 


It is the observation of the writer that these 
cases differ from appendicitis in the non- 
pregnant woman. In the latter while there 
may be peritonitis or infection in the sur- 
rounding tissues binding down the appendix, 
the remainder of the colon shows no signs of 
infection. In pregnant and puerperal pa- 
tients, however, the entire colon is distinctly 
reddened, moderately filled with gas and, in 
the first case narrated, colonic ulcers were very 
distinct. ‘These patients gave no history of 
having had acute appendicitis but stated 
that they had had vague abdominal pain 
during pregnancy. The characteristic history 
of vomiting could not be obtained. These 
cases had spontaneous labor, lactation became 
normally established, the lochial discharge 
was not suppressed. No attempt was made 
to use a colon bacillus vaccine, as the experi- 


ence of the writer in pregnant cases thus com- 
plicated had not been satisfactory. 
Obstetricians are familiar with the fact that 
pregnant women are especially prone to 
appendicitis and cholecystitis. In the cases 
narrated no history could be found pointing 
to cholecystitis while examination during 
operation failed to reveal evidences of this 
condition nor was there reason to believe that 
gall-stones were present. The usual symp- 
toms of colon bacillus infection of the right 


‘kidney were absent and in each case operation 


confirmed the provisional diagnosis. 

It is especially important for the welfare of 
pregnant women and their children that colon 
bacillus infection be promptly recognized 
and thoroughly treated. The dangers of 
appendicitis in the pregnant woman far 
exceed those of the non-pregnant, and while a 
patient during pregnancy may escape appar- 


ent injury from cholecystitis, an infected gall- 


bladder rarely recovers after pregnancy with- 
out drainage. In the puerperal period it 
must have happened that cases of this condi- 
tion were confused with puerperal septic 
infection located in the genital tract and were 
so regarded and treated. There is no evi- 
dence that this condition affects the infant 
and it seems remarkable that the secretion 
of milk is so slightly retarded. Ready con- 
firmation of the diagnosis of colon bacillus 
infection was offered by microscopic and 
bacteriological examination of the appendices 
removed and of the serum taken from the 
abdominal cavity. 


RIDER’S TENDON 
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body is not such an infrequent occur- 
rence as one would at first suppose. 
In order of their frequency come those 
of the calcaneus Achillis, the quadriceps ex- 
tensor, the triceps and the biceps of the arm, 


Fe reas of tendon in the human 


and the rectus abdominis. The rupture may 
take place at any one of four points, viz.: in 
the muscle substance itself, at the juncture of 
muscle and tendon, in tendon and at insertion 
of tendon to bone. In certain cases it is 
interesting to note that upon the forcible 
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contraction of muscle, particularly in the 
young and athletic, the bone gives way and 
a small fragment is torn off at the point of 


insertion of the muscle; as for example, the - 


tip of the olecranon in the forcible contraction 
of the triceps. 

It is worth while to study the exact manner 
in which rupture of the adductor tendons of 
the thigh is brought about at mounted drill or 
exercise. One may first consider the rider 
properly seated as a cavalryman, say at 
mounted inspection: 


The buttocks bearing equally upon and well 
forward in the middle of the saddle. 

The thighs turned without constraint upon their 
flat side, clasping the horse evenly and stretched 
only by their own weight and that of the lower legs. 

The knees bent and flexible. 

The lower legs falling naturally, the calves in 
contact with the horse without pressure, the toes 
dropping naturally when the trooper is without 
stirrups. 

The back supple and never hollowed. 

The upper part of the body easy, free, and erect. 

The shoulders thrown back evenly 

The arms free, the elbows falling naturally. 

The head erect and turned to the front, but with- 
out stiffness. 

Eyes alert, well up, and directed to the trooper’s 
front (1). 


But just as soon as the trooper begins to 
move forward other muscles are brought into 
play, particularly the adductors. The exer- 
cise of “posting” serves especially to develop 
the adductors, and since these muscles are 
brought almost constantly into play in the 


‘exercise of riding, they are markedly devel- 


oped in a well drilled cavalryman who proudly 
refers to them as the “‘cords” in his legs. In 
the exercise of the broad and the high jump, 
rearing up, jumping to one side, bucking, and 
in fact all movements of the horse that require 
efforts on the part of the rider to keep his 
seat, the adductors are brought powerfully 
into play in grasping the sides of the horse. 
So long as the rider is able to keep his seat 
secure, all goes well; there is not the slightest 
danger of a tear or rupture of the muscles. 
But, as frequently happens in the case of a 
young soldier, the rider and the horse do not 
know each other. The horse does not under- 
stand the various movements made by the 
rider and may become frightened by them; 


the rider perhaps feels ill at ease or frightened, 
and this feeling is transmitted to the horse. 
And, moreover, if there happens to be an ill- 
fitting saddle, the rider is at an additional 
disadvantage in keeping his seat. An ancient 
writer refers to this injury as resulting from 
. an evil horse 
Ina naughtie saddle. (2) 

Under the conditions just mentioned the 
horse makes a sudden plunge as in bucking 
or a high jump, and at the same time the rider 
becomes frightened and fails to maintain a 
firm seat by means of the adductor tendons. 
The result is that he is toppled forward and to 
one side, the tense adductor tendon is thrown 
forcibly against the pommel of the saddle, 
and by this impact is strained, broken, or 
torn loose from its insertion. 

Not all ruptures of these tendons, however, 
are due to riding. The following is a case 
in point: 

Patient admitted to Providence Hospital, Wash- 
ington, February 7, 1891, suffering from tumor 
upper and inner aspect of right thigh. Had been 
an enlisted man in U. S. Army. 

History of complaint: Two years before, upon an 
alarm of fire being sounded, ran down a steep flight 
of winding stairs and slipped and fell with his thigh 
in a position of extreme extension. Suffered intense 
pain and was in bed several days. Shortly after 
this he noticed tumor on upper and inner aspect 
of thigh. The tumor, which increased in size 
incapacitated him for ‘duty. He was discharged 
by examining board for physical disability. Records 
of Adjutant General’s Office show: 

“Pvt. W. L. M., Batt. B. rst. U.S. Artillery dis- 
charged at Fort Columbus N. Y. H. August 12, 
1890. Cause of disability, tumor on inner and upper 
aspect of right thigh.” (3) 


Abbe reports a case of rupture of the 
adductor longus. The patient while riding 
had been thrown on the pommel of his saddle, 
striking the inner and upper part of the thigh, 
making a large extravasation. A fluctuating 
mass was found below the pubes on the inner 
aspect of the thigh, which, when he attempted 
to adduct the leg, immediately bunched itself 
into a hard mass. It was the adductor longus 
muscle which had been torn away from the 
femur and on contraction drew up toward its 
pubic attachment. When Dr. Abbe saw the 
patient he was suffering no inconvenience, 
and nothing was done (4). 
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Fig. 1. A (at left), Five inch incision and parts ex- 
posed, showing appearance of contracted muscle. B, 
showing usual conditions of adductors of thigh. (Draw- 
ing made by Professor William Keiller, Department of 
Anatomy, University of Texas, from sketches furnished 
by author.) 


The two cases observed by the writer were 
both incurred in a manner identical with the 
one reported above. 


CasE 1. Pvt. F. P., Troop H, 13th Cavalry, 
age 23, service 11 months. 

History of complaint. Soldier was riding at 
recruit drill when horse became frightened and 
made a sudden plunge to one side; rider was thrown 
up against the pommel of the saddle, the upper and 
inner portion of the right thigh striking it; soldier 
felt something snap, experienced severe pain, sud- 
denly became faint and fell from his horse. The 
next day he noticed a bulging on upper and inner 
aspect of right thigh. Was in camp infirmary at 
Columbus, New Mexico, for 10 days when he was 
sent to dismounted duty. Later on he did mounted 
duty. In July, 1913, leg began to pain him and 
caused considerable trouble at mounted exercise, 
and he was admitted, July 19, to the base hospital 
at Ft. Bliss. 

Physical examination. Upon the contraction of 
the adductor tendons of the right thigh a tumor 


Fig. 2 (at left). Appearance of tumor from in front 
upon contraction of adductors. 

Fig. 3. Another view with still firmer contraction of 
adductors. 


forms on its upper and inner aspect, and when the 
muscles are relaxed the tumor disappears almost 
entirely. Upon palpation it is firm and slightly 
painful. Under ether anesthesia a five inch in- 
cision was made directly over the tumor in the 


direction of the fibers of the adductor tendons. 


Dividing the subcutaneous fascia, the adductor 
longus was encountered between the pectineus and 
gracilis (Fig. 1). It had been torn loose from the 
lower two-thirds of its insertion, the remaining 
upper third being firmly attached to the bone. 
The torn portion was excised, the fascia overlapped 
and the wound closed. Recovery uneventful. 
Duty August 14, condition on discharge, good. 

CasE 2. Pvt. J. S. K., Troop K, 14th Cavalry, 
age 24, service 5 months. 

History of present complaint. While at cavalry 
drill near Laredo, Texas, was jumping hurdles; had 
to jump without stirrups; went over hurdle without 
any difficulty, but striking the ground on the other 
side of the hurdle, struck the pommel of saddle with 
left leg. The moment he did this seemed to have 
lost all strength, and fell from saddle at once to 
ground. The pain continued for about two days; 
couldn’t walk for 8 days, then he began to walk 
slowly. Did not notice any swelling; was returned 
toduty. At that time troop was in field at Dolores, 
Texas. During extended gallop drill one morning 
about one week afterward, in line of skirmishers, 
soldier was at head of line when he pulled his horse 
back. Horse stopped rather short and threw him 
up against the pommel of saddle; this hurt his leg 
again. About an hour afterward noticed a bulging 
in leg. From that time on his leg always bothered 
him. The bulging or swelling in leg came on 8 
weeks ago. Did not bother him much at first; 
afterward it became larger and then it did bother 
him. ‘The lump would form and pain me when I 
would ride at a trot, or have to grip the horse.” 

Admitted to Camp Hospital August 27. 

Physical examination. Muscular tumor upper and 
inner aspect left thigh made more prominent b 
contraction of adductor tendons (see Figs. 2 and 3). 
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Under ether anesthesia a four inch incision was 
made directly over the mass in the direction of the 
adductors. Opening the fascia the abductor brevis 
was found torn loose from its insertion, all except a 
small strand the size of one’s little finger at the upper 
portion. The torn muscle had contracted, bringing 
the end up into the central portion of the wound. 
The muscle was excised completely and the fascia 
overlapped slightly. During convalescence the pa- 
tient complained of a drawing sensation upon 
abduction of thigh at upper third of wound; under 
local anesthesia the deep fascia was found adherent 
to upper portion of scar. A small strip of the fascia 
was excised and further recovery was uneventful. 
Soldier was in hospital six weeks, and since that 
time has been doing full duty continuously with his 
troop. 
TREATMENT 

In the treatment of the three first men- 
tioned classes of rupture of muscle, in tendon, 
in muscle substance, and at juncture of muscle 
and tendon, the parts should be exposed and 
brought together with strong mattress sutures 
and the overlying fascia carefully united, 
so that there may not be a partial loss of 
function from adhesions. Applying _ this 
method of treatment to the two cases just 
mentioned, one would secure the torn end of 
the muscle and anchor it to the proper line 
of insertion. Unfortunately this would not 
be easy to accomplish; and it is doubtful that 
one would get a union sufficiently firm for 
good function within a reasonable length of 
time. Suturing the torn end to an adjoining 
muscle might be tried, as, for example, in 
Case 1, to the gracilis, in Case 2 to the 
adductor longus. However in the two cases 
operated upon by excision, the result left 
nothing to be desired; the soldiers did full 
duty; the remaining adductors seem to have 
taken up the entire function of the lost 
muscle. 

SUMMARY 


1. Rider’s tendon is caused by failure to 
keep seat properly after sudden stopping, 
bucking, jumping, or rearing up of horse. 
Thus the adductor muscle is thrown against 
the pommel of the saddle making an impact 
like striking the taut string of a bow. 


thoy 


tors loose 


A® Long 


Fig. 4. Drawing showing appearance of parts after 
incision of deep fascia and retraction skin. Note the small 
remaining portion of adductor still attached to femur. 
(Drawing by Professor William Keiller, from sketch fur- 
nished by author.) 


2. It usually does not cause sufficient 
disability to demand operation until some 
months after the injury. 

3. Where the muscle is torn loose from its 
insertion, treatment by excision of the torn 
portion is the method of choice. 
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EXPERIMENTAL PHYSIOLOGICAL ACTION OF OVARIAN EXTRACTS 


By DR. GUILLERMO P. GONALONS, Buenos Aires, ARGENTINE REPUBLIC 
Chief of Clinic of Hospital Alvear 


the circulation was investigated for 

the first time by Federoff in 1899, who 
found that in rabbits the extracts pro- 
duced a slowing of the heart and an eleva- 
tion of arterial pressure. Ch. Livon (1898), 
placed them among the hypotensive glands as 
a conclusion of animal experiments. Vincent 
and Sheen (1903), Patta (1907), Hallion 
(1907), confirmed this last conclusion. Hal- 
lion produced hypotension, accompanied by 
diminution of volume of the kidney and of the 
nasal mucosa and an increase in the thyroid 
volume. He considered this thyroid vaso- 


Jk influence of ovarian extracts upon 


dilatation as a specific action of ovarian ex- - 


tract. Patta found that double vagotomy 
did not prevent hypotension; Busquet and 
Pachon found that there was hypotension 
even with prior atropinization. 

Below differentiated between the action of 
the corpus luteum and ovary and found that 
the first in small doses caused a fall in pres- 
sure, diminution in the number of pulsations, 
strengthening of cardiac contractions and 
increase in arterial tonus. In large doses, 
it caused marked hypotension, increase in 
frequency of pulsations, and diminution .in 
the amplitude of the cardiac contractions. 
Ovarian substance caused hypotension and 
diminution of the pulse. Biedl could not 


* confirm these results; he found that ovarian 


extract had a hypertensive action due to a 
mixture with adrenalin; and lutein extract in 
small doses was inactive and in large doses 
produced intravascular coagulation. He 
noted that all the hypotensive effects de- 
scribed are shown by organic extracts which 
accelerate coagulation, in the ovary as in 
others, and that such effects were not specific. 

Schickele found that the action of extracts 
of the ovary and of the corpus luteum was 
variable and that they sometimes produced 
intravenous hypotension, and at other times 
a slight hypertension. The juice expressed 
from these organs under high pressure, 


centrifuged and filtered caused a very strong, 
very durable hypotension, and repeated in- 
jections of such extracts caused lesser de- 
scents in pressure which could be kept below 
normal during several hours. This action 


_ was not influenced by atropin, and injection 


of thyroid and thymus extracts increased the 
hypotensive action. Adrenalin injected be- 
fore or conjointly with these had an inhibitory 
action on the hypotension; and hypophyseal 
extract had a similar effect but while it im- 
peded elevation of tension it did not produce 
bradycardia. Schickele thinks that the hypo- 
tension is due to vasodilatation of the periph- 
eral and abdominal vessels. A drop of 
extract clearly caused conjunctival hyper- 
emia. The antagonistic action of barium 
chloride proves that the action is upon the 
vascular musculature. He says that small 
doses have no action upon the respiration, 
heart, and nervous system; but that large 
doses cause bradycardia, convulsions, de- 
pression, and death of the animal; and that 
such doses cause contractions of the intestine 
and bladder as well as excretory excitation of 
the lachrymal and salivary glands. Coagula- 
tion of the blood was retarded. Moreover, 
he thinks that the substance which produces 
these effects is a product of the internal secre- 
tion of the ovary which is met in the immature 
graffian follicles and in the corpus luteum. 
Biedl made controls of Schickele’s experi- 
ments and from his own experiments with 
ovarian, uterine and placental extracts con- 
cluded that there is no such specific substance 
and that the toxic picture is the same as is 
produced when any other extracts are in- 
jected intravenously. His pupil, O. Fellner, 
prevented death in the animal by hirudin 
injections. 

Champy and Gley have made separate 
experiments of the action of the ovary (with- 
out the corpus luteum) and of the corpus 
luteum of cows, ewes, mares, rabbits, sows, 
bitches and women; they were triturated 
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with sand and macerated in twenty times 
their weight of salt water for thirty minutes, 
centrifuged, filtered, and injected into dogs. 
Ovarian extract of cows, pregnant or not, 
caused a strong fall in arterial pressure (50 to 
go millimeters of mercury) which was fol- 
lowed, usually by vasomotor undulations 
commencing when the pressure rose. These 
are very easily produced by gravid bovine 
extract. With small doses the descent is 
less marked and of much shorter duration. 

Ovarian extracts from the ewe and mare 
are inactive; those from a gravid mare pro- 
duce hypotension (20 to 40 millimeters of 
mercury) of short duration. 

Rabbit ovarian extract with or without 
corpus luteum provokes a hypotension in 
rabbits (30 to 60 millimeters) at times with 
cardiac irregularities, followed by vasomotor 
undulations. 

Ovarian extracts from the sow are very 
toxic, producing strong hypotension (80 to 
100 millimeters mercury) with cardiac de- 
bility and sometimes with respiratory dis- 
turbance which leads to death. 

Ovarian extract from the bitch produces 
slight depression (20 millimeters) of slight 
duration. Human ovarian extract produces 
transitory depression without any great 
cardiac modifications (9 experiments in all). 

Periodic corpus luteum extract from the 
cow produces only a slight diminution of 
arterial pressure, about 20 millimeters mer- 
cury. Once there was a fall of 50 millimeters 
with weakness of cardiac contractions. Ex- 


_Fig. 2 (at left). Arterial pressure chart made from 14 

ogram chloralized dog, after injection (between arrows) 

of 10 cubic centimeters of etheric extract of gravid corpus 
luteum. Time in seconds. 


tract of corpus luteum of pregnancy was on 
the contrary very hypotensive and diminished 
the amplitude of the cardiac pulsations. 
With larger doses, the heart is much weak- 
ened, the respiration is checked, and the 
animal dies. Repeated injections are in- 
active, there is rapid immunity even against 
toxic doses. Periodic corpus luteum extract 
also gives this protection. Periodic corpus 
luteum extracts of the ewe are inactive (weak 
doses?). Extract of corpus luteum of the 
mare is weakly hypotensive. Extract of 
corpus luteum of the sow causes phenomena 
similar to those of ovarian extract of the 
same animal. I have never seen respiratory 
failure. During the hypotension there is a 
phase of bradycardia. Sometimes there is 
rapid immunity. Extracts of corpus luteum 
in regression (corpora albicans) of the sow 


and cow show the same activity as the peri- . 


odic. Follicular fluids are inactive. 

In the description which follows we give our 
personal results. Only in matters where we 
have not experimented will we mention other 
authors. 

We have used macerated decoctions and 
extracts in different solvents; alcohol, chloro- 
form, ether, of ovaries without corpus luteum 


Fig. 3. Arterial pressure after injection (between 
arrows) of 10 cubic centimeters of chloroformic extract of 
gravid corpus luteum. Chloralized dog, weight 12 kilo- 
grams. ‘Time in seconds. 
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injection (between 


pressure after 
arrows) of 10 cubic centimeters of decoction of corpus 
luteum carefully cleared from fat by ether, chloroform, 


Fig. 4. Arterial 


sulphide of carbon, benzine and alcohol. Chloralized 


dog, weight 12 kilograms. 


bodies and of the corpus luteum of the cow; 
and from animals of 1, 2, and 3 years. 

I have personally collected these ovaries 
in slaughter houses in order to be sure whether 
there was pregnancy or not. They were 
used as quickly as possible, in some cases in 
3 to 4 hours, in others within 12 hours, in 
the latter instance being preserved in a 
refrigerator at O°C or frozen. We have 
found that there is attenuation of the ac- 
tivity with time; but this is much greater and 
more rapid in solutions than in the preserved 
organs; so thal it is necessary lo use the solu- 
tion within a short time afler preparation. 

Maceration was effected with physiological 
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Fig. 7. Carotid pressure pneumogram. 4, injection of 
20 cubic centimeters of macerated gravid corpus luteum 
from cow, at 20 per cent in solution of ClNa at 7.5 per cent. 
b, injection of 10 cubic centimeters of the same maceration. 
Chloralized dog, weight 9 kilograms. 


solution or Ringer-Loche fluid 1:4 or 1:5, 
triturated, macerated during half to one hour 
and then filtered through cotton. Macerated 
corpus luteum yields an orange color. We 
have observed that with distilled water the 
macerations give the same action. 


Fig. 5 (above). 


kilograms. ‘Time in seconds. 


a Carotid pressure injection (between arrows) of 10 cubic centimeters 
of decoction of 20 per cent gravid corpus luteum. 


Chloralized dog, weight 5 


Fig. 6. Carotid pressure pneumogram after injection (between arrows) of 20 cubic 


centimeters of macerated gravid corpus luteum at 25 per cent. 


weight 6 kilograms. 


Chloralized dog, 
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Fig. 8. 

Fig. 8. Carotid pressure pneumogram after injection 
(between arrows) of 12 cubic centimeters of decoction of 
gravid ovary, 25 per cent. Chloralized dog, weight gooo 
grams. ‘Time in seconds. 

Fig. 9. Carotid pressure pneumogram after injection 
(between arrows) of 12 cubic centimeters of decoction of 


Decoctions with the same solvents and the 
same substances are made by boiling 1o or 5 
minutes; decoction of corpus luteum gives a 
lemon yellow color; that of the ovary is milky. 

We repeat that all extracts ought to be 
used at once because they completely change, 
macerations more so than the decoctions. 

We can say nothing concerning the sub- 
stances which give these extracts their 
physiologic properties. Dialysation gives 
inactive results both with decoctions at 100 
per cent and with aqueous solution in the 
dialyser (Fig. 1). 

Treating a decoction of gravid corpus 
luteum at 1.5, the action of which on the 
pressure we have proved, with phosphotung- 
stic acid and eliminating excess with baryta 
and sulphuric acid and then neutralizing, 
the liquid remains inactive. Clarifying with 
subacetate of lead, eliminating the excess 
with sulphuric acid and neutralizing: the 
liquid remains inactive. Precipitating with 
warm acetic acid it shows only an insignificant 
hypotensive action. It seems therefore that 
the active substance or substances are neither 
dialysable nor do they possess the properties 
of basic substances, of small molecules like 
the active principles of the suprarenals and 
hypophysis (Houssay). 

Etheric, chloroformic, and alcoholic ova- 
rian extracts evaporated, and totally emulsi- 
fied in physiological solution do not modify 
the arterial pressure. 


Fig. 9. Fig. 10. 
gravid ovary 25 per cent. Chloralized dog, weight 9 
kilograms, ‘Time in seconds. 

Fig. 10. Carotid pressure pneumogram after injection 
(between arrows) of 6 cubic centimeters of macerated 
periodic ovary of cow, 25 per cent. Chloralized dog, 
weight 10 kilograms. ‘Time in seconds. 


Etheric extracts of gravid corpus luteum 
show a hypotensive action which is main- 
tained for a long time (Fig. 2). 

Strong doses of chloroformic and alcoholic 
extracts evaporated and emulsified in physio- 
logic solution show a hypotension of 6 milli- 
meters of mercury for chloroformic and 7 
millimeters for alcoholic (Fig. 3). 

Gravid corpus luteum carefully cleared of 
fat repeatedly with ether, chloroform, sulphide 
of carbon, benzine, alcohol at 100° in decoc- 
tion of 1:3 produces the same typical hypo- 
tensive effect as a fresh decoction (Fig. 4). 


Fig. 11. Carotid pressure pneumogram. a (at left), 
After injection (indicated by arrows) of 6 cubic centimeters 
of macerated cow’s ovary, 25 per cent; b, after second injec- 
tion of 6 cubic centimeters; c, after third injection of the 
same maceration. Chloralized dog, weight 9.5 kilograms. 
Time in seconds. 
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Fig. 12. Fig. 13. 

Fig. 12. Carotid pressure pneumogram after previous 
double vagotomy. Intravenous injection (indicated by 
arrows) of 20 cubic centimeters of corpus luteum macerate, 
25 percent. Chloralized dog, weight 12 kilograms. Time 
in seconds. 

Fig. 13. Carotid pressure pneumogram. Previous 
double vagotomy. Injection (between arrows) of 20 


Therefore, if there are hypotensive soluble 
elements in the solvents of the fats, the true 
active hypotension producing substance of 
the extracts is insoluble in them. 

The tracings of arterial pressure have.been 
made in chloralized dogs and the arterial 
pressure was taken by the mercurial mano- 
meter and in some cases we have at the same 
time taken the respiration with Marey’s 
drum apparatus. 

We have obtained the same results both 
with the macerations and decoctions of corpus 
luteum gravid or periodic; but we have used 
the gravid most, because the majority of 
cows killed in the slaughter house were 


Fig. 14. 
cubic centimeters of macerated gravid ovary, 25 per cent. 
Chloralized dog, weight 8 kilograms. 

Fig. 14. Dog, weight 5300 grams, chloral-morphine. 
Prior injection of o.cor milligrams of neutral sulphage of 
atrophine; 2 electrical excitations, the second very intense; 
injection (between arrows) of 10 cubic centimeters of 
macerated gravid corpus luteum, 25 per cent. 


pregnant. It is impossible for us to say that 
there is any special difference in the action of 
the extracts. © 
Immediately following the injection of 
doses of 20 cubic centimeters of maceration 
or decoction of gravid corpus luteum at 1:4 
or 1:5, there is a marked very rapid hypo- 
tension of 50, 60, 70 or even 80 millimeters of 
mercury. ‘The pressure falls rather rapidly, 
cardiac pulsations are generally considerably 
weakened, and there are sometimes in the 
first moments deep convulsive respirations: 
After 1, 2, or 3 minutes the pulsations 
strengthen and the pressure rises. This is 
relatively rapid at first. After 5, 7, or 10 


! Fig. 15. Frog’s heart in situ. a (at left), Ten drops of gravid corpus luteum decoction at 1:2, 5, 10 drops of gravid 
ovary decoction at 1:2; c, the same as b. 
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Fig. 16. Frog’s heart in situ. Suspended. Venous 
injection (between arrows) of 10 drops of gravid corpus 
luteum decoction at 1:2. 


minutes, sometimes more, the pressure re- 
turns to normal; at other times it persists a 
little diminished (Fig. 5, 6, and 7). 

Respiration is momentarily accelerated 
after injection but then becomes normal; 
however, at times there is diminution of the 
amplitude and some pauses. 

From maceration or decoction of the ovary 
a hypotension is obtained, which in general is 
less than that obtained from equal doses of 
gravid corpus luteum, often it reaches a 
equally low level; but it is the rule that the 
hypotension is less durable and cardiac weak- 
ness is much less pronounced. Analogous 
modification in the respiration is observed 
(Figs. 8, 9, and 10). 

Fluid of ovarian cysts cause no reaction. 
Decoctions of corpus luteum and of the ovary 
are more active than macerations. 


Fig. 17. 90 gr. heart im situ suspended. Venous in- 
jection (between arrows) of 1o drops of gravid setae 
decoction at 1:2. 


Second and third re-injections of ovarian 
extracts are usually active, but at times the 
effect obtained is less and may be absent. 
With gravid corpus luteum extracts re- 
injections are generally active, although they 
cause less fall in arterial pressure; however 
they may show little efficacy or no effect in 
large doses (Fig. 11). 

This as we know, has been described by 
Champy and Gley under the heading of 
tachyphylaxia. 

Adrenalin and hypophyseal extracts pro- 
duce their effects during the hypotension 
produced by the extracts of gravid corpus 
luteum. 

Neither previous vagotomy nor atropini- 
zation prevent the hypotensive action of ova- 
rian and corpus luteum extracts (Fig. 12, 13, 
and 14). 


Figs. 18 (above) and 19. Graphs of perfusion of isolated heart of rabbit with Locke solution 


and with corpus luteum of pregnant cow. 


j 
' 

< 
| 


202 SURGERY, GYNECOLOGY AND OBSTETRICS 


Fig. 20. Stomach arterial pressure taken after venous 
injection of 10 cubic centimeters of decoction of gravid 
corpus luteum, 25 per cent. Chloralized dog, weight 9 
kilograms. 


In the atropinized animals before making 
the injection of the extracts we have found 
that the strongest excitations with the 
faradic current cause no action on the heart. 
This appears to indicate that the hypotensive 
action of the extracts is due to a vaso-dilata- 
tion. 

Action upon the vessels. Hallion found that 
vasodilator action in the nasal fossz and in 
the kidney was small: but that there was 
a selective influence on the thyroid circulation, 
which produced an intense vasodilatation 
and increase in the size of the organ. This 
action of the thyroid seems favorable to a 
thyroid-ovarian synergia, and it has: been 
invoked to explain the menstrual congestion 
of the thyroid by ovarian hypersecretion; a 
supposition which is not proved, however. 
In guinea pigs, after injection of these ex- 
tracts, we have found a marked hyperemia of 
the intestine, of the uterus and its adnexe, 
and also in the breast in bitches, cats and 
humans.' In the uterus of the rabbit this 
appears clearly in the farthest arterial 

1Gonalons. Physiological, clinical, and therapeutic study of the func- 
tions of the ovary. Thesis, 1914, Buenos Aires; Frenandez and Gona- 


lons: Luteinic opotheraphy in Hypogalactia. Revist de la Ass. Med. 
Argent., 1915, Jan. 


Fig. 21. Isolated uterus of virgin rabbit with decoction 
of corpus luteum of gravid cow, 25 per cent. 


branches exactly as is met in an injected 
organ. Instillation of gravid ovarian and 
corpus luteum extracts does not produce 
hyperemia of the conjunctiva as some 
authors have asserted. 

Action upon the heart. We have already 
said that solutions of gravid ovary and corpus 
luteum, generally produce at first a diminu- 
tion in the amplitude of the pulsations which 
is generally accompanied by tachycardia. 
This action is also produced after double 
vagotomy and atropinization. We have 
studied the effects of these solutions upon 
the heart of the frog (Leptodactylus ocellatus 
[v] Gir) in situ inscribing the cardiac pulsa- 
tions by means of the Marcy cardiograph or 
by the suspension method. In order to 
obtain modifications it is necessary to inject , 
strong doses in the abdominal vein (5 to 10 
drops of decoction at 1:2). The intra- 
peritoneal or subcutaneous route did not give 
the least effect in prolonged experiments. 
After injection there is observed a very pro- 
nounced diminution of the systolic energy; 
the ventricle also remains ruddy not empty- 
ing energetically nor becoming pale with each 
systole as is customary. Ventricular con- 
traction is slow and some ventricular pulsa- 
tions often fail. This is the cause of arrhyth- 
mia as with the auricles pulsating ener- 
getically in their normal rhythm, there 
seems to be an incomplete auriculoventricular 
disocciation, a partial heart-block in which an 
auricular contraction without recovery is 
followed by another with ventricular recovery. 
All the effect disappears in a minute or less 


Fig. 22. Uterus of rabbit in situ. Injection into the vessels of 2 cubic centimeters of corpus luteum of pregnant 
cow, Io per cent. 
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Fig. 23. | Fig. 24. 


Figs. 23, 24, and 25. 


after the injection. A second injection with 
gravid corpus luteum has no effect, but with 
ovary the effect is generally reproduced. As 
the number of experiments is small they can- 
not be very conclusive (Fig. 15). 

By the suspension method there is a perfect 
appreciation of the relation between the 
ventricular tonus and the amplitude of its 
contraction (Figs. 16 and 17). 

We have studied the action of ovary and 
corpus luteum solutions on the isolated heart 
of the rabbit kept alive by perfusion in 
Ringer-Locke serum at 38°C, employing 
Pachon’s arrangement. By this method the 
pulsations of the heart can be maintained 
without apparent alteraticn for 2 or 3 hours. 
With the heart functioning thus, ovarian 


Figs. 26 (at left) and 27. 


Chloralized dog, weight 14 kilograms. 


Fig. 25. 


Action of corpus luteum of pregnant cow upon cesophagus of toad. Observe the inhibition. 


and corpus luteum decoctions of different 
kinds are introduced in the oxygenated 
Ringer-Locke fluid. With a strong decoc- 
tion 1:100 of gravid corpus luteum after some 
ample pulsations cardiac irregularities are 
observed. Bradycardia and diminution of 
the amplitude of the pulsations occur and 
then ample and frequent pulsations as in the 
beginning are resumed. 

It is constantly noted that on lavage with 
the Ringer-Locke solution the pulsations are 
more ample than at the beginning of the 
experiment; if after one perfusion without 
ceasing to irrigate the heart with the Ringer- 
Locke solution a second perfusion of corpus 
luteum at 1 per cent is made, there is very 
little reaction; but nevertheless, the amplitude 


Carotid pressure breast plethysmogram following 


injection (between arrows) of 10 cubic centimeters of decoction of gravid corpus luteum of cow, 25 per cent (preserved 


24 hours in refrigerator). 
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Fig. 28 (at left). Chloralized dog, weight 14 kilograms. 
Carotid pressure, breast plethysmogram. Venous injec- 
tion (between arrows) of 10 cubic centimeters of gravid 
ovarian decoction, 25 per cent. 


of the auricular and ventricular systoles is 


increased (Figs. 18 and 19). 

With decoctions of ovary at 5 per cent we 
have obtained a similar effect to that ob- 
tained with pregnant corpus luteum at 1 per 
cent. 

On the smooth muscular organs. Intestine. 
In rabbits toxic or subtoxic doses produce 
peristaltic contractions perceptible beneath 
the skin. A very strong intoxication, and an 


asphyxiating effect on the respiration is 
often observed. 

In the dogs in which we have studied the 
action of the extracts upon the arterial pres- 
sure we have always seen evacuations pro- 
duced after the injections, at times repeated; 


ie., diarrhoea; 
heard. 

In our studies of the action of decoctions 
of corpus luteum and of ovary upon the 
isolated intestine of guinea pigs; we have con- 
stantly seen that even with considerable 
dilution there is a very evident, marked 
strengthening of the muscle tone and of the 
rhythmic contractions. There appears to 
be a series of rings in the intestine which 
give an moniliform aspect to the organ 
shortening the intestine segment and mo- 
mentarily evacuating its contents. Unfortu- 
nately, through a deficiency in our apparatus 
we have not been able to obtain good tracings; 
but we shall repeat these experiments. 

Stomach. These experiments were on dogs. 
The stomach was filled with water, the cardia 
and the pylorus tied over a cannula which 


borborygmus is frequently 
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Fig. 29. Chloralized dog, 5 kilograms. Arterial pres- 
sure, breast plethysmogram. Injection of 5 cubic centi- 
meters of decoction of gravid ovary, 25 per cent. 


communicated with the stomachal cavity and 
with the lateral tube of a flask half filled with 
water. The upper orifice of the flask was 
closed by a stopper traversed by a glass tube 
and connecting with a Marcy inscribing drum. 
Following injection there is observed an 
inhibition of the rhythmic contractions of 
short duration; then the contractions become 
strengthened by degrees, until they attain an 
amplitude greater than that at the beginning 
of the experiment (Fig. 20). The same effect 
is observed in making re-injection with 
stronger doses. 

Bladder. We have frequently observed 
micturation after the injection of corpus 
luteum and ovarian extracts; but we have not 
been able to make tracings. We have ob- 
served contraction in the guinea pig. 

Uterus. We have noted that the uterus 
of guinea pigs shows a marked hyperemia. 
In the isolated uterus of the guinea pig kept 
in the Ringer-Locke fluid at 38°, we have 
observed that ovarian and pregnant corpus 
luteum extracts produce a tonic contraction 
with increase of the rhythmic contractions, 
although a sensitive apparatus does not 
register graphs (Figs. 21 and 22.) 

Esophagus of toad. The isolated cesophagus 
of the toad is suitable for the study of effects 
of different chemical or physical substances 
on the function of smooth muscles. The 
extracted cesophagus preserves its rhythmic 
contractions for some time, even for some 
hours, at laboratory temperature, if the 
precaution is taken to keep it warm and 
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moist, by constantly dropping on it a 0.7 per 
cent solution of NaCl. 

By means of this reaction Bottezzi studied 
many properties of smooth muscle proving 
that adrenalin inhibits its rhythmic con- 
tractility and relaxing its tone. Houssay 
confirmed these findings and found that 
hypophyseal extracts on the contrary produce 
strong elevation of the tone and at the same 
time increase the rhythmic contractility. 

Decoction of gravid corpus luteum has a 
strong inhibitory action on the tone and upon 
all the rhythmic contractions at 1:2000, in 
7 per cent NaCl solution; with strong doses 
there is complete paralysis. On washing the 
organ, provided the action has not been ex- 
cessively strong and prolonged, the normal 
contractions again commence, but these can 
again be inhibited by the gravid corpus luteum 
decoction. Five per cent decoction of gravid 
ovary likewise produces inhibitory action; 
but this action is not produced with o.5 per 
cent ovarian decoction (Figs. 23, 24 and 25). 

Action upon the secretions. Neither in the 
submaxillary nor in the lachrymal glands 
of the dog have we seen secretion after the 
injection of both extracts. 

Gastric secretion. We have made four ex- 
periments in the Physiological Laboratory of 
the Faculty of Medical Sciences by sub- 
cutaneous injection of gravid corpus luteum 
extract at 1:4 upon a dog with a small Pawlow 
stomach, operated upon by Dr. Frank L. 
Soler. In two of these experiments there was 
In the other 
two there was diminution of the quantity of 
gastric juice without variation of its acidity 
or of its digestive power. 

Action upon the breast and lacteal secretion. 
On June 15, 1914, I published my first work! 
on this topic. In December of the same year, 
with Dr. Ubaldo Fernandez, I addressed a 
communication to the Obstetrical and Gyne- 
cological Society of Buenos Aires upon the 
favorable therapeutic efiects found by me 
from organotherapy with the corpus luteum 
of pregnant cow in nursing women with 
little milk, in Dr. Ubaldo Fernandez’s Ma- 
ternity Hospital. 


' Physiological, Clinical, and Therapeutic Study of the Functions of 
the Ovary, Buenos Aires: Spinelli, Editor, 1914. 


GONALONS: PHYSIOLOGICAL EXPERIMENTS WITH OVARIAN EXTRACTS 205 


To these animal experiments we have 
added clinical experiments, which were made 
on lactating women in different nursing 
periods. We obtained various and good 
results; there was no failure. This experi- 
ment shows the technique used in general. 

E. de P. Clinical history No. 701. Nursing 
for 5 months. The right breast was emptied. 
Withdrawal after 15 minutes gave 30 cubic 
centimeters of milk; after 25 minutes gave 20 
cubic centimeters of milk and is empty; mak- 
ing a total of 50 cubic centimeters of clear 
thin milk. 

Microscopically the drops are small. 10 
minutes later as no more milk issued from this 
breast, 1 cubic centimeter of gravid corpus 
luteum extract at 1:2 was injected hypo- 
dermatically. One minute later the patient 
felt a faintness, was nauseated, and had a 
slightly tense pulse, a little frequent, but 
recovered. The patient was very nervous. 
The same breast was again milked until 
emptied. 

At 1o minutes it yielded 50 cubic centi- 
meters of milk; at 15 minutes, 16 cubic centi- 
meters; at 20 minutes, 10 cubic centimeters; 
at 30 minutes, 4 cubic centimeters; making a 
total of 80 cubic centimeters of heavy milk 
rich in fat and cream. 

This work was corroborated by Drs. C. 
Bazan and Berutti.? 

Jeronimo Forteza Marti cites in Progresos 
de la Clininca of Madrid, January, 1916, 
pp. 14 and 17, this same work and advises in 
similar cases organotherapy with pregnant 
cow corpus luteum in the form which I 
prescribed. 

Professor Marfan, December 9, 1916, cites 
in Journal des praticieus, pp. 789 and 792, 
the second work, and instances the facts 
observed by me and, without having made 
trials, recommends its employment. 

Owing to the importance which this finding 
assumes, we shall give a résumé of the action 
which we noted both experimentally and 
clinically: 

We have studied the action of these ex- 
tracts both by animal and clinical experi- 
ments. For the first we used lactating cats 
and dogs. Cats lend themselves better to 

2 Revista de la Ass. med. Argent., 1915, Nov. and Dec., 1671. 


‘ 
| 
= 
= 
ay 
a 
‘ 
4 
ig 
i 
4 
3 


206 


experiment, inasmuch as we can place 
glass cannulas in the galactophorous canals 
and by means of the Desprez apparatus ob- 
tain a tracing of the issue of the drops of milk 
through the cannulas. At the same time we 
take plethysmograms of the breast; the arte- 
rial pressure is taken from the carotid. 

The dog is not very suitable since cutting 
of the nipple causes coagulation of the blood 
of the wound. However by the insertion of 
the cannula we obtained good tracings. It is 
seen from them that conjointly with the fall 
of the pressure (the action of gravid corpus 
luteum is more active than ovary, the action 
of this being slight), there is dilatation or 
turgescence of the breast not alone in the 
graph, but also macroscopically, and drops of 
milk issue by the cannula (Figs. 26, 27, 28 and 
29). 

I think that it will be possible to make use 
of this galactogogue action. I think the buccal 
way is the easiest and after many trials I think 
that the best daily dose is 0.05 centigrams 
(0.10 the first and 0.05 on subsequent days), 
of powder of corpus luteum of young heifers. 

It is noted that the action is very efficacious 
in puerperal hypogalactia. In this condi- 
tion with 0.20 or 0.30 centigrams we have 
many times found nursing regularized (ad- 
ministering 0.05 centigrams every day). At 
times it is necessary to continue 15 to 20 days, 
suspending for 3 or 4 and then again resum- 
ing. Up to now, I have observed no contra- 
indication, except menstruation. When this 


appears it is better to cease in order not to 
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increase the accompanying subjective symp- 
toms. 

Drs. Berutti and Coni Bazan used Ovarine 
at first but have recently informed me that 
with corpus luteum powder there is a more 
intense action. 

As is seen the substance or substances 
which the ovarian or corpus luteum extracts 
contain, the chemical nature of which is 
unknown to us, have an action on the entire 
economy; but in my opinion it is exercised on 
certain parts of the sympathic system. 


I wish to express my gratitude to Dr. Bernardo A. 
Houssay for his directions and co-operation in this work. 
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ACUTE DIVERTICULITIS OF THE COLON 


Its CONSIDERATION ! 


By JOHN F. ERDMANN, M.D., F.A.C.S., NEw York 
‘Professor of Surgery, New York Post-Graduate Medical School and Hospital 


this subject, I have reported 16 cases 

coming under my observation of acute 
diverticulitis of the colon. Three of this 
series were not operated upon by me but 
gave such characteristic symptoms of the 
disease that I do not hesitate to report them 
as true cases of acute diverticulitis. 

Since May 18, 1914, almost three years, 
I have seen and operated upon ro more pa- 
tients, while Dr. Thomas H. Russell, who 
was my assistant at that time, saw, during 
my absence from the city, and operated 
upon one patient during the summer of 1916. 

One of the patients was reported as Case 7 
in my original article in the Yale Medical 
Journal February 12, as having been op- 
erated upon in 1903 or 1904 for a supposed 
left-sided appendix but which I (in the afore- 
said article) felt satisfied then was a divertic- 
ulitis. 


|: two previous communications upon 


This patient was seen by me in 1915 again for an 
acute left-sided mass and the statement made by 
him was that about once every ten or twelve months 
he would have an attack of pain, vomiting, etc., 
followed by a mass formation in the left side, that 
in a day or two an opening would appear discharging 
foul, brown colored pus. The opening would dis- 
charge for a week or so and then close with perfect 
health until another attack. 

I saw him again June 23, 1916, with a very grave 
attack. This time his family physician, Dr. 
Leiser, and myself were finally able to secure his 
consent to be operated upon, There was a tem- 
perature of 103°, pulse roo to 120, and a large, ten- 
der, quite painful mass the size of a fist in the left 
loin. A discharging sinus was not in evidence at 
this time. 


On opening the peritoneal cavity there was a ~* 


free discharge of foul pus and a fairly easily dis- 
placed giant-like sigmoid with one gangrenous 
perforated epiploon on its left side and one fistulous 
tract on its right superior border attached to the 
parietal peritoneum. This was the canal of the 
original diverticulitis 13 years before. 


This patient’s condition illustrates the 
fact that as long as a diverticulum exists 


there is the possibility of an acute attack, 
and as the attacks never come singly one 
can see the futility of promising future free- 
dom from repeated outbursts. Nevertheless 
the rarity of a second gangrenous and abscess 
attack makes possible a very wide percentage 
of non-occurence. 

The sigmoid found at the time of operation was 
so thoroughly infiltrated and with numerous epip- 
loon invasions that an immediate repair was not 
considered justifiable. That part of the sigmoid 
involved was placed extraperitoneally and walled 
off with gauze, being supported in addition by a rod, 
as in the preliminary step of doing a sigmoidostomy. 
A few days later a resection was made of this part 
of the gut and an end-to-end anastomosis done. 
Recovery was obtained after some weeks of fistulous 
discharge. 

Even beyond the sigmoid non-involved diverticula 
were observed. The portions removed contained 
numerous non-invaded diverticula some containing 
feecoliths, while one was perforated and gangrenous, 
and another, the 13-year one, presented a perfectly 
healthy channel communicating with the gut. 


Sex. Of the 27 patients 5 only were fe- 
males or about 5 males to one female; Carnian? 
states that there are 2 to 3 males to every 
female. Of the 27, 1 was of the ascending 
colon, the remainder in the sigmoid. 

Carcinomatous involvement. In one female 
and one male, carcinoma was diagnosticated 
as having been found implanted upon or 
coincident with this condition. One of the 
patients operated on had been reported 
once by me as a carcinoma. This patient 
was without question one of the cases of 
so-called cures of carcinoma that are later 
proved benign. She was operated upon by 
me for malignant (?) obstruction of such an 
involved area as to preclude excision. An 
artificial anus was made. Sometime after- 
ward feces began to move per anum, the 
patient gained weight, never having lost, 
and was kept under observation by me for 
years. Finally the artificial anus repaired 

2 Ann. Surg., Phila., rors, 3. 


Read before the Polyclinic Clinical Society of New York, April 2, 1917; and the New York County Medical Society, April 20, 1917. 


iJ 


208 


and the pelvic mass was found to have dis- 
appeared. Asa possible source of carcinoma, 
diverticula cannot be denied any more than 
can the possibility that a gastric ulcer will 
become a gastric carcinoma. 

Symptomatology. ‘These patients are usually 
well preserved, in fact not one of the 27 could 
be called slender. 

In several, complaints were made of an 
occasional sense of soreness or distress in 
the left lower quadrant and hypogastrium. 
There were present no mucus nor blood in 
the stools, there was a tendency to constipa- 
tion, occasional dysuria and frequency, occa- 
sional mild acute attacks simulating very 
much the mild to profound attacks in the 
right lower quandrant when one has the 
appendix as the source of complaint. One 
of the last series in fact was operated upon 
for an appendicitis, all his pain being on the 
right side. Upon opening the abdomen over 
the cecum, a gangrenous diverticulum about 
1% inches long was seen upon the colon near 
the terminal portion of the caecum (Fig. 1), 
while the appendix perfectly normal lay 
downward and inward. 

There is an absence, in the history at 
least, of pus, mucus and blood in the stools 
and upon examining the patients with a proc- 
toscope it is rare that a lesion can be dis- 
covered; it is possible with good inflation of 
the sigmoid and a proper illumination one 
might, in certain instances, see the wider 
mouthed diverticula — especially so if a con- 
cretion lays near or in the mouth. 

These symptoms are so characteristic 
that one can advance rather safely the diagno- 
sis of suspected diverticulitis and if not acute 
refer these patients to the X-ray diagnosti- 
cians. These pouches are at present being 
found quite frequently in the X-ray search. 

The youngest patient of my series was 6 
years old and the oldest 81, both male; 
the majority were between 4o and 48 years. 

There were three deaths in 25 patients 
operated upon: one from sepsis in a case of 
gangrenous perforation with retroperitoneal 
abscess formation, drainage only being done; 
one a resection in a subsiding acute case with 
retroperitoneal lymphatic absorption sepsis; 
one acute intestinal obstruction following a 


SURGERY, GYNECOLOGY AND OBSTETRICS 


resection of 10 inches of sigmoid for multiple 
perforations, two in the bladder, two in 
adherent loop of the sigmoid and two in an 
adherent loop of the ileum. This patient 
had a second operation for acute obstruction 
due to a loop of jejunum becoming adherent 
to the anastomosis and angulating. 

Fistula postoperative. The operation for 
immediate repair of the perforated gangren- 
ous diverticulum is very apt to be followed 
by a fistula. There were 4 such postopera- 
tive results in this series: one mentioned be- 
fore in which the fistula continued for quite 
a number of months, then closed and re- 
opened for ten or twelve years about every 
10 months; one that, although union was 
positive, opened in the seventh week and 
continued to discharge almost constantly 
for 17 months now has been closed for 6 
months; one,a physician weighing 240 pounds 
at the time of his first and second operations, 
(Case 1, in my series also reported by Dr. 
William Mayo) had a fistula or sinus for 
several years but is well now 4 or 5 years. 
The fourth was a woman in whom I had 
some difficulty in placing my sutures. The 
wound leaked for about 3 months but is now 
cured for about 18 months. 

These sinuses discharge a fluid which varies 
in consistency from a thin, slightly colored, 
non-odorous fluid to a distinctly fecal mix- 
ture with an occasional evidence of gas with 
now and then a small fecal mass. 

Differential diagnosis rests between a 
possible but rare left-sided appendix and 
carcinoma. That a left-sided appendix may 
be present has been demonstrated or again 
it is evident and has been proved numbers of 
times that a normal side origin appendix 
may be so long as to extend to the opposite 
side. Abscesses have been opened in the 
left that subsequent operations proved to 
be of appendicular origin in the right side. 

Carcinoma. Here we have especially in 
the adenocarcinoma a disease of late years, 
while diverticulitis usually occurs in the 
earlier years. Ulcerative perforation in car- 
cinoma without previous distinct symptoms 
for some time are exceedingly rare. Car- 
cinomata usually give rise to mucus and 
blood singly or combined in the stool, diar- 
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rhoea and constipation alternating, loss in 
weight, secondary anzmia, prostration, ca- 
chexia, etc. 

By proctoscopic examination, usually evi- 
dences of mucous membrane invasion, if 
the tumor is within 12 to 15 inches of the 
anus, are found. 

Terminations of diverticula. These may 
be subacute in their manifestations; or 
acute as seen in appendicitis; or chronic, as 
thickening with obstructive symptoms; and 
finely as carcinoma implantations. 

The subacute conditions have been con- 
sidered as those of a growling appendix and 
in all probability are due to overdistention 
of the pouch with fecal matter or irritation 
by some sharp substance, as for instance in 
one patient. seen by me in whom a shell of 
a rice kernel was lodged in the pouch. Such 
masses produce irritation possibly in the 
efforts of the bowel at ejection. 

Acute manifestations. The acute mani- 
festations include all the phases seen in a 
diseased appendix; so-called catarrhal sub- 
siding; abscess formation—-the abscess 
either being in protecting folds of intestine 
and omentum or if the diverticulum be in 
the tissue between the peritoneal folds, a 
retroperitoneal one; gangrene, with or with- 
out perforation, etc. In many of these, 
perforation of the abscess into the bladder 
or into the adjacent gut has been demon- 
strated. Two such patients were seen in this 
series, one reported in an earlier communica- 
tion and the multiple perforation referred 
to in this paper. 

Chronic type is due evidently to a recurring 
condition or chronic irritation. Here we 
may encounter the condition described by 
Wilson of a peridiverticulitis consisting of 
chronic proliferation, extramucosal inflamma- 
tion with round-cell infiltration which results 
in mass formations and may encroach upon 
the caliber of the gut to such a degree as to 
become obstructive and be taken for malig- 
nancy. 

Carcinomatous involvement has been con- 
sidered above. 

Gross pathology. Upon opening the ab- 
domen the picture varies as to the intensity 
of the process. Non-inflamed diverticula 
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Fig. 1. 
ascending colon. 


Gangrenous perforated diverticulitis of the 


are seen protruding from all or rather any 
surface of the gut, bleb-like but resistent 
to the sense of touch, presenting evidences or 
not of foreign body contents. The acutely 
inflamed varies from a markedly injected 
diverticulum to a gangrenous perforated one. 

In most of my patients with acute lesions 
the condition was found to involve one or 
more of the epiploons. These tabs of fat 
were either very hard and intensely injected 
or hemorrhagic to gangrenous. 

On section of the epiploon near or at its 
base, one rarely fails to demonstrate the 
presence of the diverticulum. These bodies 
or pouches are round or ovoid and from a 
pea to an egg in size and contain mouths or 
openings into the gut from probe to full 
pouch lumen. The gross appearance of 
the resected or opened colon is that of a 
healthy mucous membrane thrown into folds 
with here and there a cript or long opening 
into which an ordinary probe to an instru- 
ment of considerable size can be passed. 
Here and there foreign bodies or fecal con- 
cretions are readily seen occupying the 
diverticula. The wall of the sigmoid or 
colon in the chronic case is thickened while 
the caliber is distinctly diminished. 

McGrath! has shown that most of the 


1Surg., Gynec. & Obst., 1912, XV, 429. 
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diverticula are of the false variety and that 
the mucosa is pushed through the muscularis 
where the vessels penetrate the latter. 

Causation. Much has been said concern- 
ing the origin or causation of these protrusions. 

Hartwell and Cecil' sum up their opinion 
as to the etiology of the disease after con- 
sidering the various theories and arguments 
as follows: 


We, therefore, are driven to the conclusion that 
up to the present time no complete explanation of 
the primary cause of intestinal diverticula has 
been offered. The most that can be said is that 
for some cause a weakness exists in the intestinal 
coats, and by reason of the weakness, a pouching 
of the coats takes place when undue pressure arises. 


Diverticula formation was attributed by 
Graeser to hernial protrusions which follow 
the emerging veins after taking a wandering 
course through the intestinal walls, finally 
reaching the subserosa. His conclusions 
were based upon the knowledge gained from 
a study of 28 cases, from which he made 
more than one thousand sections. 

Sudski contended that Graeser was at 
fault, that his findings were purely accidental. 

Klebs noted that the diverticula occur in 
close relationship to the points of entry and 
exit of the vessels in the gut but along the 
mesenteric attachments offering as his chief, 
among numerous arguments, that the in- 
testinal wall is weakest at the mesenteric 
attachment. 

My personal observations in the acute 
as well as in chronic cases has been that the 
diverticula may occur at any portion of the 
circumference of the gut and in my acute 
cases most frequently in the anterior and 
lateral margins, especially so in the regions of 
the fat lobules or omentula. 

Traction upon the mesenteric border was 
given by Klebs as a productive cause through 
possible weakening of the walls resulting 
from the traction. 

Old age as a cause is disproved by Ashurst’s 
case, a boy of seven; two cases of Hartwell 
and Cecil, of seven and ten years; and one 
of my own at six years; and the great propor- 
tion of the cases under consideration in 
this communication under 45. 

‘ Am. J. M. Sc., roro, Aug. 
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References to the literature and our per- 
sonal experience produce sufficient evidence 
of the fact that the entire alimentary tract 
from the oesophagus to the rectum is subject 
to these outputs. 

Recently I operated upon a female patient 
in whom a diverticulum, the size of a large 
prune, of the second and third portions of the 
duodenum was removed. I have also re- 
moved several appendices in which single 
to multiple diverticula could be demonstrated. 

These protrusions are classified as ac- 
quired or congenital and false or true; the 
false in which one or two coats are absent, 
the true in which all coats are present. 
The false and true classification is the more 
popular for a working basis. 

The number of cadavers in which di- 
verticula are found upon autopsy that are 
merely curiosities or entities and not patho- 
logical causes of the demise proves that 
diverticula like gall-stone, etc., are harmless 
until certain changes arise producing the 
necessary irritation or inflammation to be- 
come irritative, symptomatic or destructive. 
These changes may be allied to those arising 
in the appendix from a simple congestion, 
mildly acute to gravely acute — exudative, 
and obstructive by adhesions or thickening, 
ulcerative and finally carcinomata. 

Acute diverticulitis either in the cesopha- 
gus, small intestines, or colon is due to food 
retention with irritation in the oesophageal 
and intestinal varieties, while in the colonic 
and appendicular varieties it is due to faces 
or foreign bodies as the husk of oatmeal or 
rice bodies. 

Operative treatment. In the acute types, 
one either drains or excises and sutures as in 
appendicitis. In a great many of the acute 
and gangrenous cases, one can excise the pro- 
trusion, refresh the edges if necessary and 
suture, while in other patients the oedematous 
condition found is obstructive to suture 


work and one must rely upon draining or 
upon imperfect closure of the opening by 
sewing surrounding omentula to the in- 
testinal opening. Where the opening exists 
in the mesosigmoid or mesocolon, splitting one 
or both layers of the peritoneum forming these 
meso-structures and draining is advisable. 
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In the chronic infiltrated obstructive type 
excision of the gut is demanded with anas- 
tomosis, preferably end-to-end. In the irrita- 
tive variety, non-inflammatory or acute, 
careful attention to the intestinal tract and 
warning the patient of the acute emergency 
possibility is in order. 

Attention has been called to the possibility 
of succeeding attacks occurring. These are 
not of necessity in one diverticulum but as 
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in the case referred to in several different 
diverticula. Such an occurrence as before 
stated will of necessity provoke a very 
guarded prognosis as to cure and should also 
cause us to give a very guarded prognosis 
even after successful resection of certain 
segments, as the presence of diverticula 
throughout the colon is more than possible 
although not visible during the operative 
procedure. 


THE RECOGNITION AND TREATMENT OF INTESTINAL DIVERTICULA! 


By DUDLEY ROBERTS, M.D., Brooktyn 
Attending Physician, Brooklyn Hospital; Clinical Professor of Gastro-Enterology, Long Island College Hospital 


shown that diverticula of the intes- 

tinal tract are frequently to be found 
if properly searched for. We have in fact 
reached the conclusion that every “pot- 
bellied’ individual over sixty should be under 
strong suspicion of having multiple diver- 
ticula of the colon, particularly if there is a 
history of long standing constipation and 
lower abdominal discomfort. Surgeons have 
learned that acute diverticulitis and _peri- 
diverticulitis are by no means rare. As 
radiography now makes possible the recogni- 
tion of the presence of these diverticula with 
absolute certainty, the clinician should be on 
the alert to establish the diagnosis, be pre- 
pared to correct the local disability by proper 
measures, or offer operative relief without 
delay for the lesions that are found to have 
resulted in partial obstruction, involvement 
of the peritoneum, or cancerous degeneration. 


tat of recent years has 


RADIOGRAPHIC METHODS 


In 1914, Carman (1) stated that after 
examination of specimens in the Mayo Clinic 
he was convinced that the radiographic dem- 
onstration of diverticula was impossible. 
Subsequently three cases presented them- 
selves in which this was contradicted. It is 
true that in many cases it is very easy to 
overlook diverticula in making roentgeno- 
graphic studies of the gastro-intestinal tract. 


It is also true that in early cases, before there 
is much retention in the pockets or when the 
diverticula are few and lie directly in front 
or behind the lumen of the bowel, diagnosis 
may be uncertain or incorrect. 

Dependence should be placed on daily 
studies of the colon, from twenty-four hours 
after the opaque meal is taken until it is 
entirely discharged from the bowel. Stereo- 
scopic plates are of the utmost value. As 
many of the patients are exceedingly cor- 
pulent, overlapping even the largest available 
plates, it is wise to take small plates of the 
descending colon, sigmoid, and rectum, with 
the idea of securing the greatest possible 
detail. For this purpose it is necessary] to 
have satisfactory intensifying screens, a long 
narrow cone, and a tube giving good detail. 
The results of plates taken after opaque 
enemas are often unsatisfactory, as the 
diverticula are covered by the distended 
lumen. They may be invaluable, however, if 
taken when diverticula are filled with bismuth 
taken by mouth and the enema is less opaque. 
Valuable information is often secured from 
plates taken after the expulsion of the enema. 
Attention should be called to the importance 
in diagnosis of a peculiar jagged appearance 
of the sigmoid, when seen filled with opaque 
enema. This ‘‘saw-tooth’” sigmoid is so 
highly suggestive of diverticula that its 
presence should lead to the employment of 
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Fig. 1. Case 3. History No. 1568. Diverticula at ar- 
rows. Taken 24 hours after barium meal. Shown on suc- 
cessive days. 


every means to prove definitely that diver- 
ticula are present. 

Narrowing of the lumen by infiltration may 
be shown radiographically by plates taken 
immediately after the injection of the opaque 
enema and after its expulsion. Cancer is 
suggested by a constancy of filling defects 
on several examinations, but must be made 
with caution as inflammation around the 
diverticula may cause deceptive appearances. 
Cases have been observed when only by 
section of the obstructing mass could cancer 
be excluded. 


REPORT OF CASES 


Case 1. Female, age 62. Flatulence and con- 
stipation for some years. Patient moderate size, 
abdomen not protuberant. Radiographic examina- 
tion: single diverticula at hepatic flexure shown by 
opaque meal and enema. 

Case 2. Female age, 42. Epigastric and lower 
right-sided pain for three years with attacks of 
vomiting. Patient rather poorly nourished, ab- 
domen flat. Radiographic examination: duodenal 
ulcer, ptosis and atony of cecum with chronic 
appendix. One large diverticulum on inner side of 
ascending colon. Operation forulcer. Divertic- 
ulum could not be seen from external inspection, 
apparently in an epiploon. 

Case 3. Male, age 32. Lower abdominal pain 
for three years. An acute abdominal calamity one 
year previously led to operation for supposed 


appendix disease. Abscess cavity found on left 
side, thought by surgeon to be connected with 
bowel. Lower abdominal complaints have con- 
tinued. Patient very thin. Radiographic examina- 
tion: pericolitis on left side, few diverticula of 
— colon and sigmoid, probably congenital 
Fig. 1). 

Case 4. Male, age 46. Seen in consultation, one 
year after gastro-enterostomy for duodenal ulcer. 
Attacks of pain with chill and temperature have 
continued. Operation disclosed diverticulum of 
hepatic flexure of colon with small abcess on under 
side of liver. Uneventful recovery. 

Case 5. Male, age 35. Period of lower left- 


‘sided abdominal pain seven years previously. 


Recurrence during last two years with pain also on 
left side. Habitually constipated. Radiographic 
examination shows marked enteroptosis, kinked, 
badly draining appendix, diverticula pouches along 
sigmoid. Under treatment with bismuth in large 
doses symptoms promptly disappeared. 

CasE 6. Male, age 71. Several attacks of 
severe abdominal pain with some constant discom- 
fort. Long-standing moderate constipation. Mo- 


_derate size, abdomen not markedly protuberant. 


No lesion seen by sigmoidoscope. No sigmoid 
tenderness. Radiographic examination: diverticula 
of sigmoid best shown one week after bismuth meal 
and immediately after opaque enema. Entire 
freedom from pain under routine treatment. 

CasE7. Male, age 72. For twenty years attacks 
of severe abdominal pain. For ten years almost 
constant abdominal discomfort and seldom more 
than a few days freedom from attacks of severe 
pain mostly in right hypochondrium and left illiac 
fossa. Has had many diagnoses; gall-stones the 
concensus of opinion. Operation has been refused. 
A very large, portly individual, weighing 230 pounds. 
Abdomen very large, moderate general tenderness 
quite marked in right hypochondrium. Bowels 
costive for years, habituated to strong salines. 
Radiographic examination: multiple diverticula 
throughout colon, particularly marked in hepatic 
flexure and sigmoid. Entire freedom from symp- 
toms for past four months on routine treatment, 
with addition of antispasmodics periodically. 

Case 8. Male, age 69. Three years history of 
lower left-sided pain. For many years obstinately 
costive. For six months diarrhoea or no stools. 
Moderate loss of flesh, great weakness. Patient 
very fat, protuberant abdomen. Sensation of mass 
in left flank, definite tenderness. Sigmoidoscopic 
examination showed general subacute catarrh, 
but no other lesion. Radiographic examination: 
multiple diverticula of entire colon, partial obstruc- 
tion from peridiverticulitis at site of mass. During 
past year. symptoms entirely relieved except for 
constipation. Colostomy might well be advised. 

CASE 9. Male, age 72. Periods of lower ab- 
dominal discomfort for past ten years, bowels 
moderately costive. Patient very large, abdomen 
protuberant, weight 210 pounds. Sigmoidoscopic 
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Fig. 2. Case 9. 48 hours after opaque meal. Same 
spots remain filled after lumen of sigmoid is emptied. 


examination shows general catarrhal inflammation, 
no sign of diverticula. Radiographic examination 
shows multiple diverticula along entire colon. No 
suggestion of pericolitis. (Fig. 2.) Almost absolute 
freedom from complaints under treatment. 

CasE 10. Male, age 59. Sour stomach for years. 
For few years constant “gas” in lower abdomen, 
never severe discomfort. Bowels always costive. 
Sigmoidoscopic negative. Patient very large, 
abdomen protuberant. No mass, no tenderness. 
Radiographic examination: ‘‘saw-tooth’”’ sigmoid 
on enema plates, residue in diverticula of sigmoid 
from opaque meal. Almost entire freedom from 
symptoms under treatment. Constipation not 
entirely corrected. 

CasE 11. Male, age 71. Lower abdominal pain 
for several years, worse in recumbent posture. 
Bowels obstinately constipated. At one time a 
mass was said to be found in left illiac fossa. Patient 
very large, abdomen protuberant. Sigmoidoscopic 
examination negative. Radiographic examination: 
“saw-tooth” sigmoid by enema plate. Opaque 
meal shows residue in multiple diverticula. No 
definite improvement from treatment; has_per- 
sisted in use of drastic purgatives. 

Case 12. Female, age 68. Seven years complaint 
of distress in lower abdomen and left hypochon- 
drium. Always costive, worse for two years. Very 
large, fat, protuberant abdomen. Radiographic 
examination: marked “‘saw-tooth” sigmoid on 
enema plate, opaque meal showing multiple diver- 
ticula of entire colon. Patient reports almost entire 
freedom from complaints in past year. 

Case 13. Female, age 69. For six months lower 
abdominal distress, rectal tormina, passage of 


Fig. 3. Case 14. Hist. No. 1570. Opaque enema shows 


“saw-tooth” sigmoid. Opaque meal study demon- 
strated diverticula. 

mucus, no blood. Patient large, fat protuberant 
abdomen. Sigmoidoscopic examination shows sub- 
acute catarrh, no bleeding, no other lesion. Radio- 
graphic examination: multiple diverticula of sig- 
moid, apparently a_ peridiverticulitis of lower 
sigmoid. Freedom from complaints under treat- 
ment for past five months. 

Case 14. Male, age 55. Lower abdominal 
distress for five years, both right and left sided. 
Bowels costive for years. Patient large, fat, pro- 
tuberant adbomen. Sigmoidoscopic negative. 
Radiographic examination: ‘‘saw-tooth”’ sigmoid 
by enema plate, opaque meal shows multiple diver- 
ticula, without long retention in pockets (Fig. 3). 
Lower abdominal distress practically relieved under 
treatment. 

Case 15. Female, age 56. Lower abdominal 
discomfort for five years; three attacks of severe 
pain in lower left side said to have been accompanied 
with marked tenderness and rigidity. Picture 
indicated localized peritonitis, tenderness, rigidity, 
mass (Fig. 4 and 5) temperature, nausea and 
vomiting. Operation advised. Abscess found in 
left illiac fossa, multiple diverticula of sigmoid with 
one perforation. Drainage and uneventful recovery. 

Case 16. Male, age 75. Twenty years previous 
had attacks of abdominal colic without fever, ten- 
derness, or rigidity. Freedom from pain for some 
years. Always obstinately costive. Lower left- 
sided ‘‘gas pains” for three months. Bowels more 
obstinate, no blood or mucous observed. Patient 
fairly large, protuberant abdomen. Sigmoidoscopic 
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Fig. 4. Case 15. Residue in diverticula ten days 
after ingestion. Not emptied by severe catharsis. 


examination showed only catarrhal inflammation 
as high as could be seen. Radiographic examina- 
tion: multiple diverticula of sigmoid and descending 
colon with narrowing of lumen for six inches. 
Pockets retained bismuth for two weeks. Prompt 
relief of complaints; bowels effectually regulated by 
diet, agar, and mineral oils. 

CasE 17. Male, age 49. For one year, lower 
abdominal distress; bowels more costive. Patient 
moderate size, with somewhat protuberant abdomen. 
Sigmoidoscopic examination negative. Radiogra- 
phic examination: entire descending colon shows 
pouches on inner side, mouths apparently wide. 
Apparently an early pouching of colon, possibly a 
few more advanced. Symptoms promptly relieved 
under treatment. 

Case 18. Male, age 51. For two years lower 
abdominal distress, chiefly in early morning, relieved 
by defecation. No relief from appendectomy one 
year ago. Constipated for years. Patient moderate 
size, abdomen not particularly protuberant. Radio- 
graphic examination: pouches along entire course 
of descending colon, do not actually retain bismuth 
when lumen empties. Enema plates show “saw- 
tooth” sigmoid. Apparently an early case of 
acquired diverticulitis. Under treatment for only a 
short period, prompt relief. 

CasE 19. Male, age 32. For to years epigastric, 
hunger pain, pain in right and left illiac fossa. 
Obstinately costive. Rather small sized; abdomen 
flat. Sigmoidoscopic negative. Radiographic ex- 
amination: duodenal ulcer, appendix retrocecal 
and kinked at end, calcified glands in mesentery, 
marked rectal constipation with diverticula pouch- 
ing not holding bismuth after lumen emptied. 
Operation confirmed findings; no peridiverticulitis. 


Fig.5. Case 15. History No.1622. Plate taken 2 days 
after barium by mouth and after expulsion of enema. 
Constricted lumen, honeycombed sigmoid. 


CasE 20. Male, age 71. For two years lower 
abdominal discomfort and increase in constipation. 
For month irritability of bladder, for past week gas 
apparently passed through urethra. Patient mod- 
erate size, abdomen protuberant. Sensation of mass 
in left illiac fossa. Sigmoidoscope does not reach 
mass or lesion of any kind. Urine shows pus and 
colon bacilli. Radiographic examination: multiple 
diverticula along entire descending colon, apparent 
obstruction to enema in lower sigmoid. Operation 
refused; death in six weeks from ascending infection. 

CASE 21. Male, age 55. Always costive, worse 
for past year. For six months headache, dyspnoea 
on exertion, palpitation. For three months lower 
abdominal discomfort, flatulence, bloating. Lost 
flesh and strength. Sigmoidoscopic examination 
showed only bloody mucus coming from above. 
Later examination after radiographic diagnosis 
showed malignant growth in sigmoid, ten inches 
from anus. Radiographic examination: multiple 
diverticula of colon, cancer of sigmoid, intestinal 
obstruction, large proportion of bismuth meal in 
right half of colon one week after ingestion, in spite 
of laxatives, ox-gall enemas, etc. (Fig. 6.) Opera- 
tion advised. 

CASE 22. Male, age 73. Constipated for years. 
For one year pain in lower abdomen, mostly in right 
illiac fossa. For two months, has passed blood by 
rectum. Very large, abdomen protuberant. Can- 
cer seen four inches above anus by sigmoidoscopy. 
Radiographic examination: multiple diverticula 
of sigmoid. Doubtful evidence of cancerous mass. 
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Operation demonstrated cancerous growth in upper 
rectum. Multiple diverticula of sigmoid readily 
seen as lumps protruding from the surface of the 
bowel. They are almost entirely at the base of an 
epiploon. The concretions in some felt almost like 
stone. Some of these concretions could be delivered 
by pressure into the lumen. One, which was re- 
moved, had an opening into the lumen which could 
hardly be seen. 

CASE 23. Female, age 46. For five years indiges- 
tion, sour stomach, gas belching. Always con- 
stipated. For past year more or less discomfort in 
left illiac fossa. Patient very fat, abdomen pro- 
tuberant. Sigmoidoscopic examination negative. 
Radiographic examination: one large diverticula of 
descending colon. Several smaller ones seen in 
sigmoid. 

CASE 24. Male, age 72. Constipated for years. 
For past two years sudden sharn pain in left hypo- 
chondrium and down left side. Very large, fat, 
protuberant abdomen. Radiographic examinatior 
shows multiple diverticulum of sigmoid by opaque 
meal and bismuth enema. 


ANALYSIS OF TWENTY-FOUR CASES 


Sex Cases 
Male. . 
Female 6 

Age 
Sth decade. . 8 
7th decade. . 7 
6th decade. . 4 
4th and sth decades. 5 


Clinical complaints 
Persistent abdominal distress................... 


14 
Intermittent distress. . . 5 
Colicky attacks. ... 3 
No apparent symptoms (both single).. 2 
Rectal tenesmus (one cancer). 2 
Passage of blood (both cancers) . 2 
Constipation, long standing..................... 16 
APPARENT PATHOLOGICAL DIVISION 
Cases 
Single diverticulum (probably 
Few diverticula (young subjects).................. 2 
Early pouching (age 45 to 55).. 
Numerous well advanced diverticula . 
Marked 
Acute diverticulitis (with rupture). . 3 
ETIOLOGY 


The etiology of diverticula was reviewed 
in 1915 by Beer (2), and since that in studies 
by Wilson (3), McGrath (4), Giffen (5), 
Hartwell and Cecil (6). 


PROGNOSIS 
Apparently a few or single protrusions may 
occur in early life. Erdmann’s statistics on 
acute diverticulitis would indicate that acute 


Fig. 6. Case 21. Right half of colon to splenic flexure 
residue of bismuth meal given one week before. Plate 
after expulsion of enema shows diverticula. Cancer gave 
deformity on series of plates. 


perforation occurs at an average age lower 
than in my series. Possibly it may be de- 
duced from this that diverticulosis, while a 
common affection, is attended as a rule with 
a protective inflammatory reaction. The 
frequency with which we are finding diver- 
ticula in elderly, fat, habitually constipated 
individuals and the infrequency with which 
acute peritonitis has occurred in this class in 
my experience, leads me to the opinion that 
the prognosis is favorable, and that accidents 
are unlikely. The danger of benign stenosis 
would also seem remote, although partial 
obstruction is probably not rarely developed. 
The occurrence of multiple diverticula in two 
of the last three cases of the rectum and 
sigmoid, which we have studied, suggests 
that it may well be an etiological factor of 
importance. How frequently this obtains 
must be decided by radiography of a long 
series of cancer cases. Whether on the other 
hand, it is ever wise to resect a portion of the 
colon affected with diverticula because of 
the danger of cancer, is doubtful. 


TREATMENT 


Medical treatment of diverticula has proved 
to be exceedingly satisfactory. While it is 
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true the diverticula will remain in spite of 
what is done, there can be no question but 
what symptoms are almost entirely relieved, 
and probably the progress be stayed so that 
obstruction, peridiverticulitis, and acute 
diverticulitis be made less likely. 

1. Avoidance of laxatives. Practically these 
patients do better without laxatives which 
cause fluid stools. Whether this is due to the 
avoidance of abnormal pressure in the colon, 
avoidance of spasm of an irritated segment 


of the colon, or the absence of fluid faces to: 


fill the pockets, we do not know. In spite of 
the long-standing constipation, it is usually 
found that the bowels will move satisfactorily 
on a vegetable diet, plus daily doses of agar 
and the mineral oils, or the more solid petro- 
latum jelly. If necessary, small injections 
of warm oil may be used immediately pre- 
ceding the time for defecation. 


2. Large doses of bismuth. Experience has 


demonstrated that weekly or biweekly doses 
of barium or bismuth, one ounce in emulsion 
or buttermilk, is exceedingly useful; in fact, 
that it is an almost immediate panacea for 
the clinical complaints. Strangely enough, 
in such doses it is seldom constipating, 
. sometimes being actually laxative. Some- 
thing must fill these pockets, and a non-toxic, 
unabsorbable, bland substance would seem 
to be preferable to putrefactive faces. Cer- 
tainly, the results are striking. An enema 
may be used if it is found that the pockets 
are better filled by this method. Constant 
repetition is the important thing, for even 
with laxatives and enemas, it is sometimes 
difficult to actually empty the pockets at 
one time. 

3. Injections of hot gelatin. In cases with 
sigmoidoscopic evidence of subacute catarrhal 
inflammation, injections of eight ounces of a 
1o per cent solution of gelatin introduced 
into the sigmoid at a temperature of 120° F. 
have been found to be excellent. 


4. The use of antispasmodics. In a few 


cases, severe spasm of a particular section or 
the entire colon attended with very severe 
pain, has made necessary the use of anti- 
spasmodics. While bromides and belladonna 
are useful, I have found that a urea derivitive 
closely akin to veronal, sold under the name 
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absolute 
It is sufficient to use one-third of a 
grain three times daily for periods of five 
days with an equal interval between. 


of luminal has immediate and 


effects. 


INDICATIONS FOR SURGERY 

Acute diverticulitis with abscess formation 
closely simulates the picture of acute sup- 
purative appendicitis, and should be treated 
promptly in the same manner. It is difficult 
to draw the line between such an obvious 
surgical condition and conditions where 
there is only a small leak with peridiver- 
ticulitis and mass formation without con- 
ditions necessitating drainage. Many of 
these patients are such poor surgical risks, 
expectant plans of treatment may be justified 
when uncertainty exists as to the absolute 
necessity for surgical intervention. A similar 
state of mind may result when partial ob- 
struction without malignancy is discovered. 
Colostomy above the affected area is a simple 
procedure and if not done at a time of acute 
emergency, gives satisfactory results. 

The development of cancer obviously gives 
the immediate indication for surgery, either 
radical or colostomy at an early date. My 
experience indicates that if diverticula be 
proved and blood and pus be found in the 
discharges, there should be a strong suspicion 
of cancer even though it cannot be reached 
from below or distinctly palpated from above. 
In none of my series has blood been discovered 
except in two proved cases of cancer. This 
is, however, not an invariable rule. 


SUMMARY 

1. Multiple diverticula are very common 
when searched for by adequate methods. 

2. They occur in all ages, but particularly 
in the aged, and in the abnormally fat. 

3. Constipation of long standing is usually 
present. 

4. They give rise to lower abdominal 
disability in a large majority of cases; some- 
times to pain in other regions of the abdomen; 
sometimes to severe abdominal colic. 

5. Leaks and rupture probably occur in a 
relatively small proportion of cases. 

6. Non-operative treatment of the diver- 
ticula gives remarkably satisfactory results. 

7. Surgery is indicated for the sequelle, 
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rupture with acute localized peritonitis, 
peridiverticulitis with obstruction, and cancer. 
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ONE YEAR’S EXPERIENCE (1916) WITH GUNSHOT WOUNDS OF THE 
ABDOMEN AT THE MEMPHIS GENERAL HOSPITAL 


WitH A Report oF 50 CASES 


By M. GOLTMAN, M.D., C.M., F.A.C.S., Mempuis, TENNESSEE 


Professor of Surgery and Clinical Surgery, Medical Department, University of Tennessee 


article coming from a comparatively 

small civil hospital, representing one 
year’s experience in gunshot wounds of 
the abdomen is, to say the least, a sad 
commentary on our civilization. Fifty cases 
of penetrating gunshot wounds of the abdo- 
men, probably as many of the chest, several 
of the head, to say nothing of the large num- 
ber of gunshot wounds of the extremities, 
proclaim in stentorian tones that life is cheap 
in Memphis and vicinity. 

As a rule we are in the habit of reporting 
our successes. This, however, cannot be 
done in this tabulation, for our death rate 
is high; 32 deaths or 60 38/47 percent. The 
youngest patient was 8 years of age, the 
oldest 60; 38 were between 20 and 4o years 
of age. One was shot in to different parts 
of the body and recovered. One was shot 6 
times, one 5 times, one 4 times, three 3 times 
and three 2 times, making 1o with multiple 
wounds. One was white, 49 colored. Four 
were females, 46 males. ‘Three colored males 
died without operation and are not included 
in the mortality rate. Eleven were shot 
above the umbilicus. All died. Fifteen were 
shot below the umbilicus and 14 died and 1 
recovered. Two were shot in the right 
hypochondrium penetrating the liver; both 
recovered. One was shot in the left hypo- 
condrium and recovered, the spleen being 
penetrated. Thirteen were shot through 


A SERIES of cases as tabulated in this 


the back, the abdomen being penetrated, 
and 8 recovered and 5 died. ‘These 13 pa- 
tients were some of our worst cases yet they 
show the lowest mortality rate. Might 
this not be due to the fact that being shot 
in the back the victims did not see the shot 
and the shock was lessened? ‘Two were shot 
in the buttocks, the abdomen being pene- 
trated; 1 died and 1 recovered. Four were 
shot in left inguinal region; 3 died and 1 re- 
covered. Two were shot in right inguinal 
region; both died. 

Wounds of exit were present in but a few 
instances, 8 cases in all. In 4 other cases 
the ball was found immediately under the 
skin of the opposite side of the body and was 
removed. Of these 12 cases there were 5 
deaths and 7 recoveries or 40.6 per cent 
mortality. The small clean-cut perforations 
found in this series were at variance with 
the tearing of structures found as a result 
of bullets of low velocity. In Case 11 this 
was shown by laceration of gall-bladder, 
transverse colon, and upper jejunum, and 
in Case 5 by a complete laceration and separa- 
tion of the duodenum at the pyloric junction. 
Soft, misshapen bullets were extracted in 
both these cases. 

The time of death is of more than passing 
interest since it must be admitted that sev- 
eral of these unfortunates had better been 
allowed to die from the effects of their gun- 
shot wounds than to have been unwisely 
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operated upon. If this tabulation teaches 
nothing more than this, the lesson will have 
been a profitable one. 


2 deaths occurred on the table 
1 in a half hour following operation 

3 within a few hours, actual time not stated 
2 within 2 hours 

1 within 3 hours 

1 within 4 hours 

1 within 7 hours 

1 within 12 hours 

1 within 18 hours 

within 20 hours 

5 within 30 hours 

2 within 2 days 

2 within. 3 days 

2 within 4 days 

1 within 6 days 

4 within 7 days 

1 within to days 

1 within 16 days 


te 


We have all seemed to be obsessed with 
the idea of immediate operation in these 
cases. We venture to say that those dying 
on the table and within 20 hours following 
injury, comprising 15 cases, did not die of 
peritonitis. Two died of hemorrhage. We 
knew they were bleeding and operated for its 
relief. The right internal iliac artery was 
bleeding in one case and the kidney in the 
other. The former died, the latter recovered. 
Active hemorrhage demands immediate op- 
erative interference regardless of the pa- 
tient’s condition. In the instance with 
bleeding from the internal iliac artery, 
gurgling of blood was actually present and 
noted during the preparation of the patient. 
The patient died on the table. On the other 
hand, shock is a contra-indication to im- 
mediate operation. The patient that will 
not rally from shock after 2 hours of in- 
telligent effort to counteract it is certainly 
not going to withstand the added burden of 
additional shock from a prolonged laparot- 
omy, yet we have all operated under such cir- 
cumstances. I say all for the reason that the 
results, good or bad, were developed by 14 
different operators. It is because of this 
fact that I wish to emphasize the point. 

Therefore, the time elapsing between in- 
jury and operation is of much _ interest 
particularly if viewed from the standpoint 
of final results. 


Four were operated upon within 1 hour 
after injury and all died; 2 died within 12 
hours, 1 within 7 days and 1 within 3 days. 
Six were operated upon within 2 hours; 2 re- 
covered and 4 died. One died within 10 
days, 1 in 7 days, 1 in 2% days and 1 in 24 
hours. Three were operated upon within 4 
hours, one recovered, 2 died; 1 in 4 days and 1 
in 2days. Seven were operated upon within 8 
hours and 1 recovered, 6 died; one surviving 
2 days, 3 a little over 1 day and 2 one day. 
Two were operated upon within 16 hours, 
both recovered, Five were operated upon 
within 24 hours and all died; 1 living for 7 
days, 1 four days, 1 one hour and 1 three 
hours. One was operated upon 72 hours 
following injury and recovered. ‘Three died 
without operation. In 18 the time of injury 
is not stated. Eight of this series recovered, 
ro died; 1 seven days and another 6 days 
after operation. ‘Two of this series died on 
the table. Let me emphasize that the total 
of 4 cases operated upon within an hour 
following injury died; that 4 out of the 6 
operated upon within 2 hours died; that 3 out 
of 4 operated upon within 4 hours died; that 
6 out of 7 operated upon within 8 hours died; 
that the total of 2 operated upon within 16 
hours recovered; that the 5 cases operated 
upon within 24 hours died; that the 1 case 
operated upon 3 days after injury recovered 
and that of the 18 cases in which the time of 
injury is not stated 1o died and 8 recovered, 
1 of these living 7 days and another 16 days. 
The bald fact then stares us in the face that 
only 2 of the 10 cases operated upon within 2 
hours recovered, giving a death rate of 80 
per cent, and further that only 4 out of 21 
cases operated upon within 8 hours after 
injury recovered giving a mortality of 80.1 
per cent. Fifty-two hours was the average 
of life following operation for these cases 4 
of which, however, survived only for an 
average period of 6 hours. What we are 
pleased to term secondary shock was re- 
sponsible for several of these deaths in our 
opinion. At the same time it must also be 
noted that of the series of 10 deaths out of 
18 cases 1 lived 10 days, 2 7 days, 1 3 days, 
1 1 day, 2 12 hours, 1 1 hour, so that in all 
probability 4 of these 10 deaths, at least, 
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may be attributed to shock. <A waiting 
policy and the employment of means to 
combat shock could scarcely have given 
worse results. In 28 cases the condition 
of the patient prior to operation is not 
stated. Of these 2 died without operation, 
1 died on the table, 11 recovered and the 
remaining 14 died making a mortality of 
50 2/13 percent. Twocases are said to be in 
good condition, 1 died; 5 in fair condition, 
died; 5 in shock, all died; 7 in poor condition, 
2 recovered, 5 died. Of these deaths one 
occurred on the table, one immediately 
after the abdomen was closed and the other 
3 soon after operation, so that shock could 
be said to have played a part if it was not 
the sole causé in at least 5 of these deaths, 
particularly since none of them died of 
hemorrhage. 

This only emphasizes our contention that 
the patient that will not react from the shock 
of his original injury will certainly not with- 
stand the additional shock of a prolonged 
surgical procedure. In this is to be found 
the explanation for our high mortality rate. 
This is the lesson that we desire to drive 
home. If shock and hemorrhage could be 
eliminated in these cases, very few indeed 
would die of peritonitis and the death rate 
would be reduced, at least, 40 per cent. A 
knowledge of the blood pressure and a 
hemoglobin estimate might aid the surgeon 
in his decision to operate or not operate. 

From the appended tabulation it is noted 
that the ileum alone was perforated in 11 cases, 
the maximum number of perforations being 10, 
the minimum 2, or a total of 48 perforations. 
Ten of these died, 1 recovered. 

The mesentery in addition to the intestine 
was perforated in 7 cases, the maximum open- 
ings being 4 in one case, 3 in one case, 2 in 2 
cases and 1 in 3 cases. Of these 6 died, 1 
recovered. Three cases were shot through 
ileum and urinary bladder with a total of 15 
perforations, all three died. The splenic 
flexure was perforated in 2 cases in conjunc- 
tion with perforations in the ileum in 1 case 
and the jejunum in another. Both died. 

The ileum and kidney were perforated 
in one case which died. The ileum and sig- 
moid flexure were perforated in 2 cases, both 


died. The large and small intestine was 
perforated in 8 cases with a total of 80 per- 
forations with 3 recoveries and 5 deaths. 
The colon alone was perforated in 2 cases, 
both recovered. In Bowlby’s cases the 
colon cases furnished the highest mortality. 
The liver alone was perforated in 3 cases. 
All recovered. The stomach and liver were 
involved in 2 cases, 1 recovered, 1 died. The 
liver and kidney were perforated in one case 
which recovered. Of the 38 cases in which 
the hollow viscera were involved the mor- 
tality was 70 17/18 per cent. Of the 5 in 
which the solid viscera were involved, liver, 
spleen and kidney, all recovered. 

This corroborates the experience of Barber 
during the siege of Kut as well as Walters, 
Rollinson, Jordon, Banks and Sir Anthony 
Bowlby in the battle of the Somme who re- 
ported 500 cases operated upon. Bowlby 
emphasizes this point as follows, ‘I would 
especially emphasize the advisability of 
leaving alone almost all patients shot through 
the solid viscera, particularly through and 
through the liver, for I am sure that I have 
more often seen harm than good come of 
surgical interference.” 

Case No. 20 brings up the question of 
diagnosis. He had been shot 24 hours ago. 
His condition was so good that penetration 
was doubted and he was kept for observa- 
tion. Blood began to pass in his urine, he 
had hematemesis and showed evidence of 
peritonitis the next day. He died 4 days 
following operation. Earlier operation might 
have saved his life. But the question of 
diagnosis is constantly coming up. So fre- 
quent did this arise in the Bowlby series that 
an observation ward was established for them. 
If there is doubt as to whether a hollow viscus 
has been penetrated, the condition of the 
patient being good, make at least an explora- 
tory puncture which will do no harm and 
should it reveal indications of perforation, 
repair may then save life. 

Pain, rigidity, tenderness, distention, the 
character of the respiratory movement, the 
temperature, pulse and respiration, vomiting, 
the character of the urine and the general 
behavior of the patient must be taken into 
account. The bleeding patient is restless 
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and air hungry. The shocked patient is 
listless and lifeless. A rising pulse rate, 
particularly in the absence of fever is an 
indication for operation. 

Secondary shock is only too often seen in 
these cases. It may come on in 12 or 24 hours 
after operation and usually ends in death. 
Salines, strychnia, and other stimulation 
seem useless. Case 15 showed this, likewise 
Case 42. Southern surgeons no doubt, on 
account of superior opportunities to study 
these injuries, have established definite prin- 
ciples of surgical procedure which are now 
generally recognized. Hunter McGuire in 
1873 and J. Marion Sims in 1881 made clear 
the fact that a perforative gunshot wound 
of the abdomen was a surgical condition de- 
manding surgical treatment. In spite of 
the statistics of the Cuban, Philippine and 
Japanese wars, McGuire’s teaching is the 
teaching of today. Nothing has been added 
to it, nothing can be taken away. 

Service at the Memphis General Hospital 
for about 18 years has givén us ample oppor- 
tunity to treat a large number of these cases. 
A conservative estimate of 50 cases a year 
would give a total of goo cases treated during 
this time. From this rather extended ex- 
perience, the following conclusions are jus- 
tified: 


CONCLUSIONS 


1. Perforative gunshot wounds of: the 
abdomen is a surgical condition demanding 
surgical treatment. 

2. Shock is a contra-indication to im- 
mediate operation. 

3. Shock is the prime cause of death in 
these cases. 

4. The patient being in good or fair con- 
dition the sooner operation is done the better. 


5. Active hemorrhage, unless coming from 
the liver, demands surgical interference ir- 
respective of condition. 

6. Wounds of the liver alone had best be 
let alone. 

7. In doubtful cases, the condition of 
the patient permitting, perform exploratory 
puncture under local anesthesia if need 
be and if hollow viscera are perforated repair 
them under general anesthesia. 

8. A few moments thought as to the 
probable course of the bullet will furnish a 
fair estimate of the injury as well as indicate 
the site of operation in most cases. 

9. Bullet holes are valuable for drainage 
tubes. 

1o. Drainage and counter drainage in 
these cases is conservative surgery. 

11. Evisceration is to be condemned. 
Piecemeal inspection from a fixed point and 
closure should be the rule. 

12. Early evacuation of the bowel is the 
rule in favorable cases. 

13. The introduction of 2 ounces of con- 
centrated solution of epsom salts by means 
of a catheter inserted into the bowel through 
the highest point of perforation may, by 
favoring early evacuation, allay the ten- 
dency toward paretic distention which is 
always present, more or less, in these cases. 
The same result could be accomplished by 
injecting the solution into the bowel by 
puncture with a needle, or it might be left 
in the stomach after giving it a thorough 
washing at the close of anesthesia. 

14. Catgut, good, smooth, fine, and chro- 
minized for through-and-through approxima- 
tion is best. 

15. A hemoglobin estimation may help 
in the differentiation between shock and 
hemorrhage. 


/ 
‘ 
4 
i 
. 


: : 
Ty 
3 a : 


220 SURGERY, GYNECOLOGY AND OBSTETRICS 


and air hungry. The shocked patient is 
listless and lifeless. A rising pulse rate, 
particularly in the absence of fever is an 
indication for operation. 

Secondary shock is only too often seen in 
these cases. It may come on in 12 or 24 hours 
after operation and usually ends in death. 
Salines, strychnia, and other stimulation 
seem useless. Case 15 showed this, likewise 
Case 42. Southern surgeons no doubt, on 
account of superior opportunities to study 
these injuries, have established definite prin- 
ciples of surgical procedure which are now 
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1873 and J. Marion Sims in 1881 made clear 
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of the abdomen was a surgical condition de- 
manding surgical treatment. In spite of 
the statistics of the Cuban, Philippine and 
Japanese wars, McGuire’s teaching is the 
teaching of today. Nothing has been added 
to it, nothing can be taken away. 

Service at the Memphis General Hospital 
for about 18 years has given us ample oppor- 
tunity to treat a large number of these cases. 
A conservative estimate of 50 cases a year 
would give a total of goo cases treated during 
this time. From this rather extended ex- 
perience, the following conclusions are jus- 
tified: 
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2. Shock is a contra-indication to im- 
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these cases. 

4. The patient being in good or fair con- 
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5. Active hemorrhage, unless coming from 
the liver, demands surgical interference ir- 
respective of condition. 

6. Wounds of the liver alone had best be 
let alone. 

7. In doubtful cases, the condition of 
the patient permitting, perform exploratory 
puncture under local anesthesia if need 
be and if hollow viscera are perforated repair 
them under general anesthesia. 

8. A few moments thought as to the 
probable course of the bullet will furnish a 
fair estimate of the injury as well as indicate 
the site of operation in most cases. 

9. Bullet holes are valuable for drainage 
tubes. 

1o. Drainage and counter drainage in 
these cases is conservative surgery. 

11. Evisceration is to be condemned. 
Piecemeal inspection from a fixed point and 
closure should be the rule. 

12. Early evacuation of the bowel is the 
rule in favorable cases. 

13. The introduction of 2 ounces of con- 
centrated solution of epsom salts by means 
of a catheter inserted into the bowel through 
the highest point of perforation may, by 
favoring early evacuation, allay the ten- 
dency toward paretic distention which is 
always present, more or less, in these cases. 
The same result could be accomplished by 
injecting the solution into the bowel by 
puncture with a needle, or it might be left 
in the stomach after giving it a thorough 
washing at the close of anesthesia. 
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minized for through-and-through approxima- 
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15. A hemoglobin estimation may help 
in the differentiation between shock and 
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SUMMARY OF 50 GUNSHOT WOUNDS OF THE ABDOMEN 
No Location Opening | Time Condition 
and of of of of Incision Operative Operation Complications Result 
Age Injury Exit Injury Patient Findings Performed 
18 | Epigastrium 15 Temp. 101.6° Vomiting No reaction 
hours | Pulse 140 blood; death in 12 
Resp. 26 albumin and hours with- 
Rigid and casts in out opera- 
Tender urine tion. 
21 | Below umbilicus Full of cocaine | Left 2 holes in last 2 ft. | Sutured with linen | Blood in Died on 
36 | 3 inches to left very hard to rectus | of ileum; hole in Suprapubic cystot- | urine table 
Another in right control bladder omy for drainage 
hip below great 
trochanter 
26 | Right hip through Few | Pulse 140 Supra- | Free blood 3 small | Pelvis Died 2 days 
23 | ilium. entering hours | Temp. 102° pubic openings over iliac | drained later with 
abdomen Abdomen dis- vessels albumin 
tended No intestinal and casts in 
perforations urine 
15 9 Pulse 120 Median | 10 perforations Closed with linen | Shocked Died 19 
24 hours| Fair volume | supra- | in jejunum and 3 drain tu’ following hours 
Temp. 07.6° umbil- | ileum. 2 holes operation alter 
Resp. 28 ical in mesentery operation 
Much pain 
16 | 2% inches above | Above crest Pulse 106 Median | 2 holes in lower Resected 2 inches Died in 3 
34 | symphysis and to | of ilium Temp. 102° supra- | ileum of ileum and about days 
the left posteriorly Rigi pubic Large hole in 4 in. of colon 
Tender splenic flexure of Murphy button 
Peritonitis colon 
51 | Female. Left Few Died with- 
17 | lumbar, epigas- hours out opera- 
trium, tion soon 
2 holes in right after 
chest, right admission 
lumbar 
5 Median | Complete End-to-end Considerable | Death soon 
25 epi- division of anastomosis tearing. after 
gastric | duodenum at Tube drains Bullet in operation 
pyloric junction cavity loose 
2 | Inner side left Level third | 1 Extreme Desc. colon and Resection of 6 Vena cava Death soon 
35 | ant. sup. iliac lumbar hour | shoc mesentery torn inches with wounded after 
spine vert. 1 inch badly lateral Bleeding was | operation 
to right of anastomosis diagnosed 
spine 
Left lumbar 7 Fair Left Hole in left Closure with Death in 
gl hours rectus | kidney, hole in catgut 8 hours 
splenic flexure also | Counter opening 
in jejunum for drainage in 
Bullet loose in loin , 
: peritoneal cavity Drainage in pelvis 
22 | Back 1 inch Median | 5 holes in upper Closure with plain Death in 
19 | above crest of epi- ileum, 1 in catgut reinforced 2 days 
ilium and 3 in. gastric | mesentery with silk 
from spine Intestine cleaned 
with iodine 
Tube drain 
25 | 1% inches Median | Upper ileum Resection with Death on 
39 | below umbilicus epi- divided Murphy button table 
in left lower gastric | Hole in sigmoid Sigmoid close: 
quadrant with linen 
29 | Above umbilicus I Fair Median | 2 holes in upper Closed with linen | Incision Death 16 
38 | and to the right hour | condition epi- ileum Counter drain in separated 9 days after 
Also left arm gastric | Hole in lower pole | right flank days after first 
above wrist of right kidney operation operation 
Reclosure 
with through- 
and-throug 
silkworm, 


= drainage 
‘ecal fistula 
posteriorly 
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No. Location Opening | Time Condition 
and of of of rs) Incision Operative Operation Complications Result 
Age Injury Exit Injury Patient bindings Performed 
7 | Right buttock 24 Abdomen Median | Free blood and Suture with catgut Death in 
e- hours | rigid, tender, | supra- | fecal matter also Bowel punctured 12 hours 
male distended pubic lead bullet; lower | to allow gas to 
8 ileum has 2 holes escape, 3 tubes 
drainage 
41 | 2 holes in Shock Blood and Death in 
28 | epigastrium No pulse fecal matter 1 hour 
1 in right flank emerging from | without 
wounds operation 
42 | Above Right Rigidity Median | Free blood and Sutured with Secondary Death in 
26 | umbilicus lumbar Distention incision | faecal matter catgut reinforced shock 28 hours 
Heart weak 7 perforations in by linen 
small intestine 2 rubber tubes 
3 in mesentery for drainage 
47 | Left inguinal Good Left 2 holes in jejunum {Closure with linen | Peritonitis Death in 
35 | region anteriorly rectus | and 2 peritoneal Scratches 7 days 
scratches sutured 
so | Anteriorly above I Fair Median | 4 holes in trans. Closure with linen Death in 
40 | umbilicus also hour colon Tube drains in 4 hours 
side of neck t hole in small an 
intestine Tube in pelvis 
2 holes in 
mesentery 
7 | Back to left of Beneath About 8 perforations in | Closure with large Recovery in 
29 | spine skin in right | 1 large and small tube for drainage 25 days 
inguinal hour gut 
region 4 in mesentery 
9 | In left back and Left Perforation of Sutured with linen Recovery 
19 | sides 3 times rectus | anterior and 2 tubes for drains in 25 days 
upper | posterior wall of Kidney pouch 
stomach drained 
2 holes in small 
intestine 
Lower left 3 2 holes in large 4 inches of ileum Recovery 
Fe- | inguinal region days bowel left resected in 23 days 
male! ago fallopian tube Lateral zx 
25 perforated anastomosis 
Large bowel 
sutured 
3 | Back Right | 4 holes in small Closure with 
22 | % inch left of rectus | intestine catgut Recovery 
lumbar vertebra 
ro | Left lumbar Left Spleen punctured | Hemorrhage con- Recovery 
? | region rectus | Extraperitoneal trolled with pack 
from hematoma in loin | Left loin drained 
costal post 
margin 
lown- 
ward 
46 | Epigastrium to 24 Median | Lower margin left | Closure with linen | Peritonitis Death in 6 
27 | right of median hours epi- lobe of liver cut Suprapubic drain- days 
line ? gastric | Free blood but no | age also drain 
Right forearm active bleeding through bullet 
through-and- 2 holes in pyloric | woun 
through fracture end of stomach 
Radius 
61 
24 
29 Recovered 
37 
107 Recovered 
24 Records of |these | cases incomplejte in 8 days 
without 
operation 
52 | Above post. sup. | Ant. supe- Recovery 
36 | spine of ilium rior spine of without 
Another in lower | ilium about operation 
dorsal about crest level 
middle of back of roth rib 
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No. Location Opening | Time} Condition 
and of of o of Incision Operative Operation Complications Result 
Age Injury Exit Injury Patient Findings Performed 
43 | Above Back 1 inch | 4 Pulse fair Median | Abdomen full of Closure with linen | Took anzs- Death soon 
? | umbilicus above iliac | hour | Condition fair lood clot Intravenous saline | thetic badly after 
and to right crest Fecal matter on table operation 
present 
11 holes in small 
intestine 
1 hole in desc. 
colon 
40 | 2 inches below lliac crest 8 Abdomen dis- | Median | Free bloody fluid Closure with linen Death in 
? | umbilicus 2 inches hours | tended, tender 6 holes in ileum 2 tube drains in 30 hours 
to left to right of Pulse fair near ileocecal flank and pelvis 
spine General con- junction 
dition fair 4 holes in jejunum 
near duodenum 
11 | Left side of 5 Shock Median | Free blood Suture Fever ror® Death in 
? | abdomen hours | Pulse 110 5 holes in desc. Drain through 30 hours 
colon pistol wound also 
7 holes in up. jej. | through lower 
1 hole in trans. angle of incision 
colon Intravenous 
Peritoneum of saline 
all-bladder 
acerated 
19 | McBurney’s 2 Shock Median | Free blood Closure with linen | Fever 1o1° Death in 
point hours | Right rectus Caecum perforated | Drained anteriorly | Resp. 46 20 hours 
Rigid pain in Sigmoid perforated | and posteriorly 
right leg Hematoma of 
Cold, clammy retroperitoneum 
Pulse rapid 
and wea 
12 Shock, very Median | Free blood Closure Death in 
Fe- tender i perforations few hours 
male Pulse 120 and ntestines adherent 
? wea! to old pyosalpinx 
34 | Right iliac region 24 Lips dry, Median | Free blood Resected Peritonitis Death soon 
hours | parched, ten- Many perforations | 6 inches small present after abdo- 
derness 4 inches of large men was 
rigidity intestine closed 
distention 
Temp. 97.4" 
Pulse 110 
Resp. 49 
44 | Back level of 11 Under skin | 16 Shock Right | Ascending colon Colon raised from Recovery 
? | interspace at lower hours | Rigid rectus | perforate retroperitoneal 
4 inches from margin of Tender space and holes 
midline liver Great pain closed with catgut 
Drain through 
bullet wound, 
another 
through loin 
10 | Below umbilicus 9 Pulse 100 Median | Free blood and Closure Fever 102° Death in 
2 inches and to hours | plus feces 3 tubes for 30 hours 
left Rigid 5 holes in upper drainage 
Vomiting ileum 
Fair 2 in trans. colon 
33 | % inch inside 3 Shock Median | 2 holes in small Closure | Incision Death in 
left ant. sup. hours | Intoxicated intestine 2 tubes in lower separated on 7 days 
spine of ilium Stomach full angle, one in left fifth day 
of food loin Reclosure 
Urine con- 
tained 
albumin and 
casts 
36 | Crest of ilium No shock Right | Many perforations | Resection of 2 ft. Death 7 
Temp. 100° rectus | in upper ileum of intestine end- days later 
Pulse 84 to-end ; Postmortem 
anastamosis Anastomosis 
Intravenous 
2 tubes for Mesenteric 
drainage thrombosis 


Bowel black 
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No Location Opening | Time Condition 
and of of of of Incision Operative Operation Complications Result 
Age Injury Exit Injury Patient Findings Performed 
35 | Midline below Pulse rapid Median} Free blood 2¥ ft. ileum Bleeding Death in 
umbilicus Seuss and we: Many perforations | resected from rectum 30 hours 
Rigid Bladder perforated | Murphy button 
Distended 5 perforations 
Urine bloody closed with linen 
Bladder sutured 
Appendicostomy 
for exit of gas 
Drainage 
32 | 3% inches from 24 Tender Median | Free blood _ Closure Distention Death in 
spine below hours | Rigid Marked peri- Appendectom: No bowel 4 days 
iliac crest ? Distended tonitis. Many Pelvis draine movement 
Peritonitis perforations Loin drained 
Appendix cut by 
bullet 
38 | Left of Temp. 96.2° Median | 4 holes in ileum Closure with linen Death in 
? | umbilicus Pulse weak 1 hole in bladder Drainage of pelvis 20 hours 
i and loin Postmortem 
Resp. 44 Hemorrhage 
Prostate 
and rectum 
perforated 
48 | Lower left Below 18 Temp. 99.2° Median | Free dark blood Closure Recovery 
quadrant kidney hours | Pulse weak Fibrinous exudate | Pelvis and loin in 34 days 
1 of chest 112 7 holes in small drained 
1 of arm Resp. 40 intestine 
Extremities 1 hole in desc. c. 
cold Looked like sure 
Distended death 
Vomiting 
20 | Left lumbar with 24 Pulse 100 Left Free blood Closure Peritonitis Death in 
? | shotgun hours | Good rectus | Number of small | drain days. 
volume shot has entered te would 
Kept for cavity. Many have been 
observation small perforations better to 
Blood in in small intestine have oper- 
urine, and and desc. colon ated on 
peritonitis Hamatoma over this case at 
next day left kidney once 
Hamatemesis Diagnosis 
was 
difficult 
24 | Right buttock 3 inches Few | Rigid Median | Free blood and Closure with catgut] Peritonitis Death in 
: above hours | Fair faeces to days 
symphysis 10 perforations in 
smal} intestine 
31 | Left lower Few | Very poor Median | Free blood Closure Death in 
? | quadrant also hours Several Drain 2 hours 
chest near base perforations Counter drain in without 
of heart also in : loin reacting 
back also 2 other from shock 
chest wounds and 
right arm 
fracturing 
humerus 
30 | Epigastrium to 24 Poor Median | Free blood Closure Peritonitis Death in 
? | the left also in hours | Abdomen Fecal matter Drain and 3 hours 
left buttock, ? painful and 2 holes in small counter drain 
right thigh, left distended intestine 
thigh 2 holes in trans. 
colon 
t hole in desc. 
colon 
49 | Scapular line 2 Unfavorable | Left 2 holes in Stomach sutured Recovered 
between 11 and 12 hours | Slight shock rectus | stomach Liver sutured 
ribs above | Liver lacerated with mattress 
Right flank below Pulse 132 umbili- | and bleeding suture 
12th rib cus Loin drained 


Median line 
below sternum 
Left tip of oth 
costal cartilage, 
left shoulder, left 
arm upper 3rd, 
left forearm lower 
grd, right little 
nger, right 
forearm, left leg, 
middle 3rd 
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No. Location Opening | Time] Condition 
and of of of of Incision Soe Operation Complications Result 
Injury Exit Injury indings Performed 
Right hypo- Back under | 8 No shock Kocher | Active bleeding Liver packed to Infected hand | Recovered 
chondrium ski hours | Pulse good left lobe of liver contro’ 
Left hand tiorated hemorrhage 
fractured ight lobe 
Metacarpal bone lacerated 
Right 4% Right Free blood Liver packed Syphilis Recovered 
| hypochondrium hour rectus | Bullet entered Removed on sth 3+ Wasser- 
dome of liver and lay mann 
emerged at lower Pneumonia 
margin Wound 
Active bleeding separated on 
ninth day 
Resutured 
under 
anesthesia 
1 | Back 2% inches | Anteriorly | 2 Kocher | Gall-bladder Liver closed with Gall-stones Recovered 
? | from spine hours adherent and mattress; 
filled with stone kidn 
Free bl Drain anteriorly 
Left lobe liver and posterior!: 
rforated, also Gall-stones leit 
ower pole of undisturbed 
kidney almost to 
pelvis 
i 
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DEPARTMENT OF TECHNIQUE 


THE TREATMENT OF F RACTURES BY SUSPENSION AND EXTENSION 


By J. E. CANNADAY, M.D., F.A.C.S., CaarLeston, Wrst VIRGINIA 


routine use of the principles of suspension 

and extension in the treatment of my 
fracture cases at the Charleston General Hos- 
pital. The principles of suspension and extension 
as applied to fractures are of course very old, 
but until lately they seem to have been used but 
little. The treatment of fractures has fallen 
somewhat behind in the race and it is only re- 
cently that there has been a great revival of 
interest in this line of work. The great European 
war has given a tremendous impetus to the 
scientific treatment of all kinds of fractures. 
Suspension and extension in the manner in 
which it is now carried out gives early and fre- 
quent mobility to the joints of the limb involved. 
The patient can get the benefits of passive motion 
from the beginning of the treatment. The 
apparatus is easily manipulated. It can, if 
desired, be so arranged that the patient can 


Rp‘. the past two years I have been making 


Fig. 1. Tent key to arrest the suspension at any desired 
point. 


vary the elevation of the limb to suit his com- 
fort and convenience. The nursing care of 
the patient is rendered much easier and the 
number of nurses is reduced toa minimum. One 
nurse can dress the wound in a compound fracture 
with ease to herself and comfort to the patient, 
whereas in the usual way supporting splints often 
had to be removed, the limb handled, and two or 
more nurses were required. The fractured ends 
of the bones were moved, the work was hard, 
and the suffering of the patient was severe. 
With the present suspension appliances the pa- 
tient has a maximum amount of freedom in bed. 
He can shift his position with ease either laterally 
or lengthwise. The difficult maneuver of the bed 
is rendered easy. In practice the various sup- 
ports described render the nursing incomparably 
easier. The wounds can be dressed and the bed 
linen changed by one attendant and the bedpan 
used without annoyance, pain or discomfort. 

One of the very greatest advantages of sus- 
pension is that in the average case there is little 
if any swelling of the injured limb. The position 
is favorable for the return circulation, the pro- 
longed water-logging of the tissues with its 


Fig. 2. Apparatus for fracture of forearm, 
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Fig. 3. Frensdorf apparatus for giving support and ex- 
ercise to the muscles of the fractured arm. 


malign influence on the periarticular structures is 
avoided and there is consequently less of the 
stiffness of joints than is usually seen in fracture 
cases. The suspension traction method by reason 
of its comparatively perfect immobilization avoids 
the excessive callus formation often seen when 
fractures are treated by the aid or rather in 
spite of many of the usual so-called immobilizing 
splints. 

In the treatment of fractures, there is great 
latitude as regards apparatus. If the mechanical 
means are very limited, a pole or broomstick, 
placed longitudinally above the bed, the foot end 
elevated, the limb swung from this by cloth 
slings, a padded board or splint placed under- 
neath, gives more comfort and stability. The 
extension can be made in the usual manner by 
strips of adhesive plaster, pulley and weight. 
The amount of weight required will be much 
less than when the limb rests on or in the bed 


‘clothes, as the drag of friction is done away with. 


A bed manufactured with special equipment 
for fractures is not necessary. A sort of chassis 
is erected over the ordinary hospital bed by 
lashing an upright to each of the four posts; a 
cross bar at each end near the top supports the 
ridge pole which is movable and is lightly notched 
on top so as to secure the pulley block in any 
desired position. Several small blocks are re- 
quired and a supply of light, strong, and flexible 
cord, such as the curtain cord which can be ob- 
tained at the dry goods stores. The limb is 
supported by strips of heavy canvas, 4 to 6 
inches wide and 18 or 20 inches long. Each end 
of this strip has a hem wide enough to contain a 
straight and rigid stick; in each end of this stick 
is a hole for a ring or cord. The limb is then 
suspended as in a hammock. The suspension 
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Fig. 4. Overhead trolley for bed support. (Blake.) 


should be nicely balanced by weights of the 
proper size so that if the limb is raised or lowered 
it tends to remain in its new position. Where 
desired it is fixed in position by a tent key, the 
metal type used by the United States Govern- 
ment or the wooden key in common use. An 
economical and effective weight consists of a 
canvas bag with two strap handles through which 
the cord is passed. This receptacle may con- 
tain an assortment of sand bags varying in 
weight from five pounds to half an ounce. A 
hand support (as shown by Lyle, 1), swung from 
the ridge pole after the fashion of the straps in 
street cars, assists the patient in shifting himself 
in bed. A spiral spring or ordinary pocket spring 
balance is incorporated in each unit of suspension 
and extension so as to make the pull more elastic 
and thereby avoid shock and jars. 

In speaking of the treatment of fractures of 
the femur by the use of the long splint in general 
use, Hey-Groves (2) says: 


It is dirty, uncomfortable, does not keep the patient or 
his leg really at rest, though it restricts him by many 
bandages; it does not produce either extension or align- 
ment, but effectually prevents both; it makes the nursing 
of the case heavy in the extreme and the man’s life a misery; 
every time the bedpan is used, the patient and splints have 
to be lifted or rolled; every time the dressing is done, the 
splint must be removed and then reapplied. 

The dressing of the bad cases in the early stages requires 
four people and occupies from half an hour to forty minutes. 
One person does the actual dressing, one undoes and re- 
applies bandages, one holds the limb, and one holds the 
the patient and tries to smother the shrieks with which he 
encourages the man in the next bed, who is awaiting his 
turn, 

Wards containing many such cases tax the time, physical 
strength, and moral courage of the nursing staff, and they 
remain congested for weeks and months, while the fractured 
femurs drag on their painful, weary course. 

It seems to me to be unnecessary to discuss the pros and 
cons of this immobilization method in any detail. It has 
absolutely no merits except those of using material pro- 
vided and following current textbook teaching. 
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Fig. 5. Fig. 6 iia Fig. 7. 
hig” 5. Support for fracture of the leg or of the 


Tig. 6. Apparatus designed to prevent equinism or fall 
of the foot occasionally seen after severe compound frac- 
tures of the leg. (Cattier, Paris médical.) 


One of the more recent modifications of the 
suspension apparatus as shown in a cut from 
Blake’s clinic at Ris Orangis shows (tried out in 
my own work) an overhead trolley arrangement 
by which the patient can move longitudinally 
in bed with great ease. A stout stick is sus- 
pended overhead by two pulley wheels which 
travel on an iron rod in lieu of a track. The leg 
splint in turn is supported from the stick. This 
apparatus is suitable for fractures of the leg or 
thigh and can be used with almost any of the 
splints that are adapted to the suspension form 
of treatment. A modified Buck’s or other form 
of extension can be used with this apparatus, being 
attached either above or below the knee. The 
Dodds-Parker suspension device described by 
Davison (3) is more elaborate buta ccomplishes 
a similar result. 

The supporting splints for the leg and thigh 
are numerous. Blake’s, which is a modified 
Thomas, consists of two light parallel rods, one 
for each side of the entire leg. The two upper 
ends are joined by an oblique padded ring, one 
side of which presses against the ischioperineal 
region and the other against the trochanter. 
The pedal end has two cross bars both of which 
are movable and can be anchored with set screws. 
On one side is mounted an adjustable foot piece. 
To this the foot is secured and extension is main- 
tained and regulated by a double threaded bolt 
with a handle suggestive of the automobile 


Fig. 8. Fig. 9. 
Fig. 7. Arrangement of supports to secure rotation of 
leg. (Flint.) 
Meg 8. Apparatus for fracture of the leg, with railway 
splint. 
Fig. 9. Apparatus for fracture of the foot or leg. 


crank; by turning, the cross bars are approx- 
imated or separated as by a turnbuckle. 

The railway splint bears a close resemblance 
to a flat car mounted on a track, at the lower end 
of which is an upright yoke to support the foot. 
The track is partially fixed by overhead sus- 
pension while the car moves longitudinally on the 
track, giving the patient liberty of motion along 
the length of the bed as well as from side to side. 
This splint is bent at the knee so as to give the 
position of semiflexion. The extension passes 
over a pulley fixed on the cross bar between the 
ends of the track and is maintained by a weight 
or by a small wheel and rachet. 

Among various leg splints in use are: the 
modified Cabot with an upright foot piece and 
an angulation at the knee; the ordinary so-called 
Balkan splint which is a light rod of soft iron. 
At the knee this rod may be straight or angular, 
the perineal end terminates in a T bar which 
when well padded rests against the perineal and 
ischial regions serving the purpose of extension 
as well as that of steadying and fixing the limb. 
The outside end terminates in a similar manner 
and rests against the side of the pelvis just above 
the surface prominence of the greater trochanter. 
This simple splint is supported by having rings 
attached to the sides instead of the top of the 
lateral rods, making the splint suitable for either 
leg by reversing it. The upper end of this splint 
is modified variously. A complete circle of 
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Fig. 10. Mittendorf triangle, plaster cast for fracture of 
humerus. 


metal is sometimes placed between the two bars. 
This circle may be placed obliquely so that the 
outer side will “come above the trochanter. 
Sometimes a pad or wedge of felt or other re- 
silient material is inserted between this ring and 
side of the hip so as to bring the main pressure- 
bearing surface of the inner side of the ring more 
snugly in place, or the metal piece at the upper 
end may constitute only a half circle crossing 
the thigh posteriorly for the pressure extension 
against the ischial tuberosity which is by nature 
equipped to withstand pressure. A half circle 
of metal may connect the two rods anteriorly at 
the middle of the thigh, also at the mid point of 
the leg below the knee. The foot is secured to 
the cross bar below it either by the customary 
adhesive plaster strips applied laterally to the 
leg with a perforated block for a spreader to 
protect the malleoli or by the method described 
by Dr. Edward Martin at the Clinical Con- 
gress in Philadelphia in which the extension is 
made by imbricated adhesive plaster strips ap- 
plied over a cotton sock. The free ends of the 
adhesive strips are brought together in the 
instep of the foot and twisted together into a 
cord which is attached to the foot piece, or by a 
spiral figure-of-eight bandage. A traction cord 
with light weight is attached to the foot bar. 
All cords are passed over pulleys so as to avoid 
unnecessary friction. 

The fractured limb may in some cases be sup- 
ported directly by imbricated slings or hammocks 
suspended from the lateral bars of the suspension 
splints now in use, but generally the patient is 
more comfortable and the results are more satis- 


Fig. 11. Apparatus for fracture of humerus. 


factory when the affected segments of the limb 
are supported by well padded splints of basswood, 
yucca or compressed paper splint material laid 
in these hammocks. All of these are pliable 
and are readily curved to fit the limb. They are 
light and give the necessary support to the frac- 
ture. Most of the old style metal and wire mesh 
splints cannot be satisfactorily used in connection 
with the modern suspension and extension treat- 
ment of fractures. 

It will be noted that with most of the apparatus 
the leg is put in a position of flexion or semiflexion. 
This does not in any way interfere with Buck’s 
extension being applied to the thigh or with the 
Steinman pin extension. 

In the treatment of compound fractures the 
lesions of the soft parts must receive particular 
attention. The ideal treatment would be ex- 
posure to the rays of a subtropical sun and the 
avoidance of dressing. This out-of-doors treat- 
ment is, of course, impracticable in many cases 
and we must have resource to artificial light; a 
cluster of electric lights suspended over the 
wound keeps the part warm, dries out the wound 
greatly, diminishes the amount of pus and pro- 
motes healing. The dried serum which ac- 
cumulates on the raw surface from time to time 
can readily be removed by the use of compresses 
of Wright’s solution (sodium citrate 1 part, 
sodium chloride 3 parts, water 96 parts). The 
electric light method has been used most ex- 
tensively and satisfactorily by the American 
Ambulance and more recently by Crile (4) at the 
Lakeside Hospital. I have made use of the 
light treatment for open infected wounds ex- 
tensively for the last two years and consider it 
invaluable. The absence of all dressing cuts 
down the amount of discharge from open gran- 
ulating wounds to less than one-tenth of that 
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Fig. 12. Apparatus for resection of elbow-joint. 


which takes place when the wound is dressed in 
the customary manner. Eastman (5) has re- 
cently called attention to the foreign body 
reaction and to the greatly increased wound dis- 
charge caused by the contact of any foreign body. 

Fall of the foot or equinism, occasionally seen 
after severe compound fractures of the leg, may 
be easily prevented by an upright foot rest at- 
tached near the foot.end of the splint, by ad- 
hesive plaster traction applied to the sole of the 
foot or by two wires brought up from the splint 
just below the sole of the foot. These wires 
are brought through or behind a light board 
support, or a pad of dressing material can be 
placed between the bottom of the foot and the 
wires which are then carried upward and secured 
to the splint sides, lateral to the leg. Rotation 
or the prevention of rotation can be accomplished 
or prevented by the use of a strip of adhesive 
plaster applied to the limb and carried across to 
one of the supporting rods. d 

Corrective rotation can also be secured by 
increasing the weight attached to one end of the 
supporting sling under the limb so that the 
greater pull will be from that side. 

As mentioned by Fauntleroy (6) and others 
the splints of the Blake type require a light 
weight, about ten pounds, attached to the foot 
piece; this serves constantly to pull the splint 
toward the foot of the bed. 

Numerous methods of extension are used. If 
the skin is healthy and unbroken and the fracture 
is relatively high up, adhesive plaster gives an 
excellent purchase. The old fashioned resin 
plaster is less irritating than the usual adhesive 
plaster on the market. This should be applied 
so that the traction may be made evenly on a 
large area of skin. Strips of cloth glued to the 
skin make a very efficient substitute for adhesive 
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plaster at a much smaller cost. The method in 
most general use in the military hospitals in 
France, according to Cattier (7), consists essen- 
tially in the application of very soft bandages, 
figure-of-eight fashion, brought spirally down the 
leg and secured to the traction cord or splint in 
line with the limb. 

However, among the most certain and effective 
means of traction is the transfixion pin of Stein- 
man or the ice tongs of Ransohoff. These meth- 
ods seem barbaric to some who have not used 
them, but in practice are much more comfortable 
than any other in which any considerable amount 
of weight has to be continually applied. The 
pull is entirely on the bone which is virtually 
without sensation when compared with the skin. 

Naturally many of the arm injuries will have 
to be treated as ambulant cases and for such the 
aeroplane splints and their various modifications 
have been devised. The chief purpose of this 
splint is to keep the arm elevated to secure 
mobility, to prevent swelling, muscular con- 
traction and disability. We have all noted 
the months of painful effort, to which attention 
has been called by Frensdorf (8), often required 
before the patient having an injury about the 
arm and shoulder can elevate the arm above the 
head. The idea of keeping the arm elevated is 
also embodied in the Murphy metal splint and 
the Mittendorf triangle. 

In the treatment of fractures of the forearm 
and arm when the patient is or can be confined 
to the bed the principles of extension, suspension 
and mobilization of the joints can be easily car- 
ried out by either one or a combination of several 
forms of apparatus. The forearm may be sus- 
pended vertically with traction from above, 
counter traction if needed from below. This 
traction may be made by elastic bands or it may 
be brought about by weight alone. 

In dealing with fractures of the humerus, the 
traction is usually made from the pull of appara- 
tus of varying form from the region of the elbow. 
The counter pull from a band passing through 
the axilla with weight and pulley connections. 
Compound fractures involving the elbow-joint 
can be given suspension and extension treatment 
by the bridge splint as described by Flint (9), 
applied to the anterior surface of the arm and 
forearm leaving the elbow entirely exposed while 
at the same time the arm is suspended from the 
overhead chassis. The principles of extension 
and counter extension are easily applied in the 
treatment of this condition. 

The compound or other fracture of the humerus 
can be maintained in perfect position with the 
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Fig. 13. Cradle to support bed clothes and electric lights 
in use over wound. 


patient either sitting or reclining in bed, both 
elbow and shoulder-joints being freely mobilized. 
The pernicious contraction of the muscles of 
the shoulder usually resulting from the treatment 
incident to injury of the arm are eliminated by 
this form of treatment. The forearm is sus- 
pended vertically by strips of adhesive plaster 
on the back and front of the arm, the upper 
ends of which are passed over a wooden spreader 
having a perforation near the center for the sus- 
pension cord. By varying the attachment of 
the block overhead the forearm can be carried 
from a position of nearly complete extension to 
one of acute flexion as often as desired. The 
extension of the humerus may be made by lateral 
strips of adhesive plaster making a longitudinal 
pull similar to that of Buck’s extension on the leg. 
If necessary some counter traction can be made 
by a suitable weight to a band passed about the 
chest and shoulders. 
_ In the suspension traction treatment of the 
fractured arm, it is often wise at first to put the 
arm in complete extension with traction sufficient 
to maintain the arm in good position. After 
twelve to fourteen days when the swelling has in 
a measure subsided and a certain amount of 
fibrous union has taken place, it is well to begin 
to flex the elbow gradually by changing the 
direction of pull of the extension and by using 
. weights with double extension, the upper weight 
being 5 pounds and the lower between 7 and 10 
pounds. It should usually take about three days 
to change gradually and painlessly the position 
of the arm from extension to right angled flexion. 
Hey-Groves describes an ingenious apparatus 
consisting of a light fan-shaped frame about the 
hand by which fractured fingers may also be 
effectively treated by the methods of extension. 
In fractures of the pelvis, separation of the 


Fig. 14. Balkan splint in use for fracture of tibia. 


symphysis, etc., a broad band is passed under the 
pelvis. through each end of which is passed a 
rigid stick, each stick being supported by separate 
cable and pulley. In the treatment of fractures 
of the spine or of severe injuries of the trunk, the 
shoulders may be supported by a suspension band 
similar to that used for fractures of the pelvis. 

After the application of plaster casts, sus- 
pension overhead is still more convenient and 
comfortable than propping the limb on pillows. 

If it becomes necessary in a case of compound 
fracture to do an amputation and the stump for 
reasons of infection has to be left open, it fre- 
quently becomes necessary to prevent excessive 
retraction of the skin. This can be accomplished 
by the following means: Four strips of adhesive 
plaster are applied to the skin near the raw 
edges; the outer ends of these strips are attached 
to a perforated spreader with pulley weight 
and cord (two short pieces of board about the 
shape and size of the bottom of the old-fashioned 
churn dasher nailed crosswise will be effective). 
The stump suspended, no dressings are required 
and the light treatment can be used. 

I have attempted to give a résumé of the 
newer methods of fracture treatment as applied 
in practice in civil life. To secure good results, 
the surgeon must have patience, persistence, and 
ingenuity as wellas the services of a good mechanic, 
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A SIMPLE METHOD OF PERFORMING EXTERNAL PERINEAL 
URETHROTOMY 


SURGERY, GYNECOLOGY AND OBSTETRICS 


By J. DELLINGER BARNEY, M.D., F.A.C.S., Boston 


From the Genito-Urinary Department, Massachusetts General Hospital 


HE method to be described for performing 

external perineal urethrotomy is applicable 

to those cases (not at all uncommon) in 
which it is desirable to divert the urinary stream, 
through an inlying catheter, from the field of 
operation until the wounds have healed, or so 
long as it seems best that the urine should not 
come in contact with them. Such cases will 
include amputation of the penis, and _ plastic 
operations for the relief of epispadias and hy- 
pospadias. 

It is not intended to be employed for the relief 
of stricture of the urethra, where a long incision 
and sometimes extensive dissection is required. 
Neither is it intended to offer an easy method 


Fig. 1. Longitudinal section of urethra and bladder, 
showing catheter in place and grasped in the point of a 
curved clamp on which the tissues of the perineum and 
bulbous urethra are made tense. The knife is shown ready 
to divide these tissues on the point of the clamp. 


of establishing a permanent perineal urethral 
fistula, for this operation, to be successful, must 
be done in quite a different way. 

To perform external perineal urethrotomy in 
the cases under consideration, where it is desired 
temporarily to divert the urine from the oper- 
ative field, in the usual manner by cutting down 
upon a sound or grooved staff and then passing a 
catheter into the bladder through the wound, 
requires a long incision, more or less dissection 
and the consumption of considerable time. By i 
the simple method, here presented, the catheter 


} 


Fig. 2. Incision has been made, catheter has been drawn 
through wound and lies in its place ready for attaching to 
drainage bottle. 
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may be adjusted in the bladder and led out 
through the perineal wound in a moment or two. 

A soft rubber catheter, well lubricated, and 
of suitable size, is passed through the penis into 
the bladder in the usual way, but it must be 
inserted until the outer end of the catheter is 
almost level with the external meatus or the end 
of the urethra (as the case may be). The 
catheter is then seized 0.5 centimeter from its 
outer end with a half curved clamp of appro- 
priate size and length. The clamp is then passed 
down the urethra, its convexity against the roof, 
until its point is felt pressing against the floor of 
the bulb. The catheter has meantime been 
pushed ahead of the clamp and coiled in the 
bladder. The point of the clamp is now made to 
impinge against the perineum, bulging it out- 
ward in the median line (Fig. 1). The urethra is 
then opened at this point by an incision, which 
need not be more than 1 centimeter in length, 
and the end of the clamp, still grasping the 
catheter, easily merges through the wound. 
The amount of bleeding is negligible and gen- 
erally needs no attention whatever. The clamp 
is now opened and withdrawn upward through 


the urethra and: the catheter, meantime, is drawn 
outward through the perineal incision until its 
eye lies correctly in the bladder (Fig. 2). It is 
then secured in place by a coarse silkworm-gut 
suture passed through the edges of the perineal 
wound and tied tightly around. the catheter. 
Constant drainage of the bladder is then estab- 
lished by connecting the catheter with a bottle 
by the bedside, or simply by letting it lie in a 
urinal which the patient keeps between his legs 
in bed. 

We have employed this method of perineal 
urethral drainage for several years and in many 
cases, always with great satisfaction. The 
advantages claimed for it are: 

1. Ease and rapidity of execution. 

2. A very small perineal incision which closes 
almost immediately when the catheter is removed. 

3. Fhe amount of hemorrhage is negligible 
and generally needs no attention. 

4. It may be performed at least three times at 
different intervals in a given case and without 
increasing difficulty. 

5. There is no evidence that it is followed_by 
stricture formation. 


THE ACTION OF RADIUM ON CANCER 
By HENRY H. JANEWAY, M.D., New York 


URING the past three years, the Memorial 
Hospital of New York City, through the 
generosity of Dr. James Douglas, has pos- 

sessed an unusual opportunity for testing the ac- 
tion of radium on cancer. Approximately 422can- 


‘cer patients have been treated in this period with 


radium. The vast majority of these patients have 
been treated within the last two years, as before 
this time a small quantity of radium was avail- 
able and few patients were treated. Between 
three and four grams are now in use. 

Until comparatively recently practically no 
attempt has been made to select patients more 
appropriate for treatment; few patients with 
advanced cancer who applied for treatment 
having been refused. 

A full discussion of the results of treatment, 
and the details of all important cases and methods 
of application are furnished in the complete 
report published separately.! A summary of the 
results appears in the following table: 


1“Radium Therapy in Cancer at the Memorial Hospital in New 
York City.” Janeway, Failla, and Barringer. Paul B. Hoeber, 


Of the malignant tumors comprising this table, 
two varieties have shown an unusual suscep- 
tibility to the radiations from radium. These are 
the lymphosarcomata and the cellular car- 
cinomata of the testicle. 

The majority of patients with lymphosarcoma 
whom we have treated have either had a rapidly 
metastasizing tumor or came to us in a stage 
when their disease was already widespread. In 
such patients the most that can be accomplished 
is the disappearance of individual tumor masses. 
Such retrogressions, nevertheless, give the great- 
est temporary relief to these patients, often 
prolonging their lives for a longer or shorter 
period in comparative comfort. 

Two patients, however, came to us at a time 
when their growths were still localized. In both 
cases the sections showed very cellular lympho- 
sarcoma. In these patients we have obtained a 
more permanent result. A year has elapsed since 
they have been treated, and no recurrence has 
yet appeared. Freedom from recurrence for 
such a long period in such a disease as lympho- 
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sarcoma argues well for the future of these 
patients, and demonstrates that a cure may be a 
possibility in certain cases of lymphosarcoma 
when treatment is applied in an early stage. 

The second tumor showing marked suscep- 
tibility to the radiations of radium, the cellular 
carcinomata of the testis or ovary, have given us 
the most remarkable results which we have ob- 
tained by the use of radium. 

No patient illustrates this action better than 
the case of S. R., a little girl of twelve years, 
who came to us on April 30, 1916, with a tumor 
as large as her own head completely filling the 
pelvis. It was hard and nodular on its surfaee, 
and was considered at first to be a chondro- 
sarcoma. The child received a single treatment 
over the abdomen, and within three weeks not a 
vestige of the tumor could be felt. There has 
been no recurrence to date. The diagnosis in 
this patient rests upon clinical evidence. 

In two other patients the diagnosis has been 
confirmed by the microscope. Both these 
patients developed large glandular metastases 
within the abdomen secondary to a carcinoma of 
the testicle. The testicle in each case was 
removed, in one patient before, and in the second 
patient, ‘immediately after the treatment was 
applied to the abdomen. A single treatment to 
the abdomen in each patient caused a disappear- 
ance of the abdominal tumors, and both patients 
have now been free from recurrence for a period of 
six months. 

In one other affection radium acts in almost 
the same specific manner. A single application 
will cause the retrogression of enlarged spleens 
in myologenous leukemias with a corresponding 
reduction in the white blood count and improve- 
ment of the patient’s general condition. 

Probably its beneficial action in leukemia is 
unsurpassed by any other agent. It is to be 
presumed that these results will not prove 
permanent in leukemia, although just how long 
radium will prolong life in leukemia cannot yet 
be ascertained. 

The effects of radium in many uterine fibroids 
have been so good that the fact deserves special 
mention. In one patient, for instance, two 
applications over the abdomen caused a com- 
plete retrogression of a tumor palpable through 
the abdomen half way up to the umbilicus, a 
cessation of the menorrhagia and complete 
restoration of her general health without even an 
erythema of the skin. 

With single exceptions the remaining patients 
of this report concern cancer of the skin and 
mucous membranes. Its favorable action on 
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cutaneous epithelioma has long been recognized. 
While the basular form of epithelioma of the skin 
so frequent about the face, yields most readily, 
yet the squamous cell epithelioma of the skin, 
in its early stages, may be easily cured by single 
applications of radium. 

The service which radium performs in cuta- 
neous epithelioma can only be appreciated by 
one who has seen the horrible ravages wrought 
by this disease in its later stages. It is of the 
greatest importance to make the first treatment 
efficient. When this is done, one treatment is 
often all that is required, and the permanency of 
the end-result is far greater. 

The service which radium can render in epi- 
thelioma of the skin is unquestionably great, yet 
it is a service which in many of these growths can 
probably be as efficiently rendered by other 
agents, chief among which is the X-rays. On 
the other hand we have obtained apparent per- 
manent retrogressions in cases previously un- 
successfully treated by the X-rays; though, of 
course, it must not be forgotten that merely 
because a patient has had X-ray treatment it 
does not mean that he has had efficient X-ray 
treatment. 
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One of the first patients treated by us illus- 
trates not only the usefulness of radiumtherapy 
in cutaneous epithelioma, but also the thorough- 
ness of its action. The patient was an old lady 
with an epithelioma one inch in diameter upon 
the side of the nose, involving the inner canthus 
of the right eye. It was adherent to the under- 
lying bone. Two applications of radium applied 
three years ago caused it to disappear completely 
without recurrence to date. It had previously 
been unsuccessfully treated with the X-rays. 
In this patient operation was, of course, out of 
the question, and no other treatment could have 
so easily saved her from a progressive, painful 
destruction of her face and eye. 

Great as such a service is, a far greater interest 
concerns the possibilities of successfully treating 
cancer of the mucous membranes with radium. 
These cancers are inaccessible to the X-rays, but 
in the majority of instances can be covered by 
radium. The published reports to date have 
shown, however, that it is a matter of the greatest 
difficulty to obtain really good results in the 
treatment of these tumors with radium; there- 
fore, instances of complete clinical retrogression 
are noteworthy. 

From the standpoint of radiumtherapy there 
are two important forms of these cancers. These 
are the epidermoid carcinomata of the mucous 
membranes of the nose, mouth, larynx, cesoph- 
agus, and anus, and the adenocarcinomata of 
the stomach and rectum. The greatest interest 
centers around how much radium can do for 
these tumors: in the case of epidermoid cancer, 
because no more malignant tumor is known as 
judged by its unchangeable progressive course to 
death, and the rarity with which it is cured by 


even excision, except in the earliest stages; and 


in the case of the adenocarcinomata, for perhaps 
the very opposite reasons, because they have 
shown a rather marked susceptibility to the 
radiation of radium. 

When the clinical records of the patients 
grouped in this table are studied the important 
fact is developed that the favorable character of 
the end-result is inversely proportional, as is the 
case with surgery, to the age of the tumor treated. 
Practically all the cases in the unimproved 
column and the majority of those in the im- 
proved column had advanced growths when the 
treatment was begun. This fact deserves em- 


phasis, because it has become increasingly evi- 
dent that, if radium fills a field of usefulness in 
the treatment of cancer of the mucous mem- 
branes, it is in the earlier stages when the disease 
is still circumscribed. 
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In advanced cancer any temporary benefit is 
frequently overshadowed by the later pro- 
gressive extension of the disease, an extension 
which, in at least epidermoid cancer, though 
more indolent, is quite as progressive and painful. 
We have been led to treat more of these patients 
than we otherwise would because the beneficial 
moral effect justified doing something for an 
individual for whom there was nothing else to do. 

It is important in undertaking the treatment of 
these patients te recognize the character of the 
end-result to be expected, and to plan the treat- 
ment accordingly. No patient of this class 
should be given a treatment which will be fol- 
lowed by more than a transitory discomfort. 
The administration of severer treatments will 
only make the patient very uncomfortable a 
short period before his disease starts to do so 
in a still more aggravated way than it was begin- 
ning to do at the time the radium treatment was 
begun. 

When, however, we come to consider another 
class of cases, the more circumscribed growths of 
the mucous membranes, with which radium per- 
forms its best service, an entirely different 
problem presents itself. Here a different end- 
result may be expected, and it is good enough to 
warrant pushing the initial treatment to the 
point of producing considerably more discom- 
fort, when this is necessary, than in the case of 
patients treated palliatively, and especially so 
as smaller areas of tissue are exposed to the 
radium. 

The character of some of these results are well 
illustrated by the description of the lesions of 
the more striking cases in column one: 


1. Of the carcinomata of the lip, N. N., Case No. 22251, 
had on July 19, 1915, a hard, nodular, ulcerated tumor 
mass surrounding the right corner of the mouth. The 
growth was 34 of an inch in diameter, and involved about 
1 inch of both the upper and lower lips. He received one 
treatment, and is at the present time free from disease. 

2. Of the carcinomata of the antrum, T. T., Case No. 
22322, developed a recurrence in the cavity left after the 
resection of the superior maxilla. On August 11, 1915, 
there was an ulcerated mass, 34 of an inch long by 3% of 
an inch wide, growing in the remnants of the anterior 
wall of the antrum. Microscopic examination, epidermoid 
carcinoma. This retrogressed after three treatments, but 
on November 16, 1915, another recurrence developed in 
the middle turbinated bone, high in the nasal cavity. 
This received one treatment, and retrogressed. He has 
been free from disease ever since. 

3. Of the epitheliomata of the tonsil, D. F., Case No. 
23061, on April 7, 1916, had upon the left tonsil and 
adjacent portion of the pillars of the fauces an ulcerated 
tumor, one inch in diameter. There were no enlarged 
lymphatics in the neck. Microscopic examination, 
epidermoid carcinoma. He received one treatment to 
the tonsil and a second over the tissues of the neck. His 
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lesion retrogressed and he has been free from disease ever 
since. 

4. Of the epitheliomata of the tongue, J. D., Case No. 
23364, had on June 26, 1916, upon the upper surface of 
the tongue a nodule, ulcerated in its center, and one 
centimeter in diameter, from which a specimen for micro- 
scopical section had previously been taken. There were 
no lymphatic nodes palpable in the neck. Microscopic 
examination, epidermoid carcinoma. One treatment was 
administered, and healing was complete by September, 
and the patient is still free from disease. 

5. Of the tumors of the rectum, F. L., Case No. 23291, 
had on June 7, 1916, 2 to 3 inches above the anus, on the 
anteroright aspect of the rectal wall, a raised, freely mov- 
able, ulcerated lesion, 114 inches in diameter, the base of 
which was characteristically indurated. The diagnosis of 
carcinoma was confirmed by two competent surgeons. He 
received three treatments, and, after passing through a 
prolonged period of discomfort, his lesion healed, leaving, 
it is true, what feels like a cicatricial stenosis, but free from 
definite evidence of the presence of cancer. He now feels 
better than he has in two years. 

6. Of the cancers of the cervix uteri, M. F., Case No. 
23027, is typical. On March 25, 1916, an examination 
showed that the cervix was enlarged, and vaginal surface 
ulcerated almost to the vaginal walls. The appearance of 
the ulcer was typical of carcinoma. Microscopic examina- 
tion of the curettings showed plexiform cervical carcinoma. 
She received one treatment. The ulcer healed, the dis- 
charge ceased, and she has been free from all evidence of 
disease since. 


Much interest concerns the treatment of adeno- 
carcinoma of the stomach by radium. Cancer of 
the stomach is frequently of this variety, and it 
is usually discovered in a stage too late for suc- 
cessful operative removal. 

Though the number of patients whom we have 
treated is yet too few to warrant any statement 
regarding the degree of retrogression which 
may be obtained by radium in cancer of the 
stomach, yet we have obtained notable reduction 
in the size of tumors of the stomach, and in the 
subjective improvement in a number of patients 
by external application, and in one patient by the 
application of radium within the stomach. 

The improvement in these patients is sufficient 
to demonstrate that we have in radium an im- 
portant palliative agent in the treatment of 
cancer of the stomach. 

The cases above outlined of cancer of the 
mucous membranes are illustrative of the best 
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service that radium can perform. It will be 
appreciated that in the majority of them the 
lesion was small and probably operable, but 
operation for one reason or another was deemed 
inadvisable or refused. 

They all show what appear to be complete 
retrogressions. A complete clinical retrogression 
is not, however, a cure; and the value of the 
present report will be small from the viewpoint 
of those who are accustomed to give serious con- 
sideration to only those patients remaining well 
after a three to five year period. 

Nevertheless, the character of many of these 
retrogressions bears a stamp of sufficient per- 
manency about them to warrant stretching the 
indications for the use of radium far in the 
direction of the early cases. In cases 21,666 and 
22,731 of the superior maxillary group, 22,251 
of the lip, and 21,371 of the rectal groups, the 
retrogressions have remained clinically complete 
for two years and over. 

While the number of patients showing retro- 
gressions complete enough to suggest a cure 
forms a small percentage of the total number 
treated, it forms a high percentage of the cases 
early enough to be classed as favorable ones for 
treatment. The vast majority of the patients 
included in this report, as has been explained, 
were so advanced that they are of no value as a 
basis for estimating the best results, and cer- 
tainly would be excluded from statistics of 
surgical cures. 

The 21 patients who are still free from evidence 
of disease, and in the case of whom one year or 
more has elapsed since their treatment, were all, 
with the exception of 5 patients with inoperable 
cancer, possible operable cases. 

The total number of patients of a similar class 
treated, many of them with a technique far from 
perfect, up to one year ago was 29. Sixteen of 
these have therefore been free from evidences of 
disease for one year, a percentage of 55.5, which 
justifies the treatment of certain selective cases 
of operable cancer by radium, properly ad- 
ministered, instead of by operation. 
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MODIFIED UTERINE AND VISCERA FORCEPS FOR THE CAREFUL 
MANIPULATION OF TISSUE’ 


By ALBERT J. SCHOENBERG, M.D., Carcaco 


WA ricue the need justifies, nicety of tech- 


nique and gentleness in handling tissue 

may be sacrificed for speed and safety. 
Tissue may be traumatized, abraided, and raw 
surfaces left, and the possibility of adhesions dis- 
regarded, when necessary to carry the patient 
through to safety. 

On the other hand, operations not vitally 
urgent, such as intrapelvic reconstructive work 
for mechanical defects or for the removal of 
pathologic tissue not endangering the immediate 
life or health of the patient, should be reasonably 
free from the danger of adhesions that may lead 
to serious complications. 

A not infrequent cause of trauma to the abdom- 
inal and pelvic tissues is the injudicious use of 
sharp-pointed or serrated instruments which 
puncture and lacerate the peritoneal surfaces and 
invite adhesions, 

In SuRGERY, GYNECOLOGY AND OBSTETRICS, 
1910, I described a rubber covered uterine for- 
ceps, and in 1912 Wakefield described a uterine 
forceps similar tomine. The forceps here present- 
ed are a modification of my former instrument. 

The new uterine forceps have been made to 
conform more nearly to the size and shape of the 
uterus, the posterior blade being slightly longer 
than the anterior blade, the shank of the handle 
bent forward and the width of the jaw narrowed, 
permitting easier application to the uterus. 
The metal of the jaw has been widened, giving 
a better holding surface and the forward bend 
placing the rachet and handle out of the way of 
the operator when in use. 

The uterine forceps are especially useful for 
holding the uterus when retrodisplaced, facilitat- 
ing any of the various round ligament operations 
or other intrapelvic work. They hold firmly and 
do not traumatize the peritoneal surfaces. 

It was while using an intestinal forceps de- 
scribed by Barrett in 1904 that a part became 
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= Fig. 1. Author’s viscera forceps. 


detached and was lost. This led up to devising 
a viscera forceps more simple, yet efficient, 
which also were described by me as stated above. 
Eastman one year later described a similar 
forceps. 

The new viscera forceps have been made strong- 
er. The metal of the jaws has been made slightly 
heavier and flattened. This increases the holding 
surface, makes it easier to obtain rubber tubing 
that fits snugly and prevents rolling of the cover- 
ing on the jaw. The space between the blades 
from the jaw to the lock has been widened to the 
width of one centimeter. This feature in the new 
forceps prevents compressing or pinching tissue 
beyond the rubber-covered jaw. The steel has 
been so tempered that it holds firmly but without 
undue compression. Rubber covering or catheter 
easily obtainable is used for covering both the 
uterine and viscera forceps. The tubing is easily 
applied and cannot at an inopportune moment 
become detached and lost. Extra parts or spe- 
cially constructed rubber fittings are not required, 
obviating inconvenience and loss of time when 
replacement of covering becomes necessary. 

The viscera forceps can be used to handle the 
intestines, ligaments, or peritoneal folds, or any 
abdominal or pelvic viscera with little danger 
of injuring tissues. They can be placed over the 


Fig. 2. Author’s elevating forceps. 


1 Presented before the Chicago Gynecological Society, May 18, 1917. (See p. 240.) 
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tube without compressing the lumen of the tube, 
or the appendix can be picked up without trau- 
matizing the intestine should it by accident be 
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caught in the grasp of the forceps. They are safe 
and efficient and possess the important point of 
simplicity. 


EXPERIENCES IN THE GLASGOW ROYAL MATERNITY AND WOMAN’S 
HOSPITAL IN THE SUMMER OF 1916! 


By W. F. HEWITT, M.D., Catcaco 


“HROUGH the recommendation of Dr. J. 
Clarence Webster, I had the opportunity 
of being a resident in the Royal Maternity 

and Woman’s Hospital of Rotten Row, Glasgow, 
under Dr. R. Jardine and Professor Munro Kerr. 

Glasgow is a city of over a million inhabitants 

and chiefly engaged in manufacturing. Its 
slums are far worse than any I have seen in my 
four years work in the Presbyterian Hospital 
Out-Patient Department. Partly by the corpora- 
tion of Glasgow, spurred on by Murdoch Cameron, 
and partly by subscriptions, this maternity hos- 
pital was built 7 years ago at a cost of 550,000 
dollars. The arrangement, construction, and 
equipment of this simon-pure charitable hospital 
are the best I have ever seen. Some of the more 
striking features are: 


1. Admission Room is divided in these parts: First an 
examining and disrobing room so that a patient after 
being examined is passed into the slab room, her clothes 
are pushed through a chute into the street and she is 
scrubbed and shampooed in room No. 2. The third room 
is arranged for further examination such as blood or urine 


before sent to the ward. Upon discharge from the hospital « 


the clothes are brought back to the patient. 

2. Seplic wing. Infected cases are sent to a separate 
wing for delivery and aftercare. 

3. Delivery rooms are 2 in number, one having 3 beds 
and the other having 2. The beds are so arranged with 
adjustable springs that they actually do not sag in the 
middle. Also two of the beds had a 6 foot adjustable copper 
tank for use in the toxemia cases. This tank filled with hot 
water was far more efficient than hot packs both from the 
standpoint of the nurses and patients. 

4. Extent and character of the service. The hospital was 
fortunate in that almost all of the hospital obstetrics of 
Glasgow was done here. For the last few years, there has 
been a daily average of ro cases, 5 in the district and 5 in 
the house. Of these, 75 per cent are pathological. Rhachitis 
was well nigh universal. Eclampsia and placenta previa 
cases were almost always present in the hospital last 
summer. 

In the mensuration of deformed pelves, great stress is 
put on the size of the foetal head ‘‘ The best pelvic measure- 
ment is the foetal head” is the teaching of Barbour of 
I:dinburgh. This measurement was obtained by grasping 
the head and forcing it into the inlet while estimating the 
amount of descent with the vaginal fingers. The thumb is 


1 Read before the Chicago Gynecological Society, May 18, 1917. 


used to determine the amount of overlapping with regard 
to the symphsis, if any. If the head could be made to 
engage so that some force was needed to dislodge, there was 
no disproportion at the brim. This procedure was of great 
service in the borderline cases between induction of labor 
at the eight month, cesarean section, and allowing the case 
to goas far as possible before terminating —in the interest 
of the child, also, in the rhachitic scoliotic dwarfs, and in 
cases in labor with a persistent floating head, and only a 
shortening of the conjugate vera. 

Placenta previa was treated principally by the pack 
method, followed by bipolar version. In doing the latter, 
an external version is done and the foot then grasped by 
a volsellum. The maternal mortality was ro per cent and 
the foetal 60 per cent. 

The treatment of eclampsia was entirely expectant and 
with good results. The antepartum cases were given a 
routine treatment consisting of gastric lavage with sodium 
bicarbonate followed by magnesium sulphate; water with 
dextrose and alkalis by rectum by the drop method; 
venesection in the high blood pressure cases; transfusions; 
and external heat applied by means of the copper tanks as 
above. In the cases with a rapid pulse, ‘“‘Veratrone” a 
Parke-Davis preparation of veratrum viride, was given. 
One or two ampoules were usually sufficient. No treat- 
ment of the convulsions save the clothes pin unless for pro- 
longed insomnia. If there was no improvement in 24 to 
36 hours, emptying of the uterus was considered. Cases in 
labor were similarly treated unless other complications were 
present, until labor could be easily terminated as by forceps. 

The normal deliveries were made in the lateral position 
and done by the nurses. 

Cesarean sections were done by the classical and the 
lower uterine segment methods. In the latter, the patient 
is put in extreme Trendelenberg position and the uterus 
delivered out of the wound. No forceps were applied to 
deliver the child, fundal pressure being sufficient. In cases 
with a well developed lower uterine segment, and some 
question of sepsis, the placenta is not delivered but a 
normal third stage allowed to follow. There had been no 
opportunity of testing the scars of the lower uterine seg- 
ment section in a subsequent labor. 

In the treatment of the third stage, no fundal pressure or 
massage was allowed unless for brisk haemorrhage and the 
maternal end of the cord was not clamped. In this way the 
formation of a retroplacental hematoma was prevented. 
After separation of the placenta, the patient delivered the 
placenta by bearing down, aided by grasping the recti, if 
diastasis were present. This procedure of Barry Hart did 
shorten the third stage. Having treated the third stage both 
by massaging and clamping the cord and by allowing the 
physiological inertia to unsue, I can say with reason that 
the latter is better. 

Dr. Jardine has advised an ingenious modification of the 


(See p. 240.) 
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d’Auvard cranioclast. I had hoped to exhibit this tonight 
but it has disappeared somewhere between Glasgow and 
Chicago. Owing to the number of contracted pelves 
coming to the hospital in labor with dirty outside handling 
the cranioclast was somewhat frequently used. 

The students took their cases while in residence at the 
hospital and received 7 normal cases before being sent to 
the district. Here, they received 14 to 20 besides being 
called for the operative cases in the hospital. 

Murdoch Cameron has an anteroposterior forceps which 
he uses with great skill. The other men always made a 
pelvic application of the forceps. The patient was not put 
in lithotomy position for forceps but the nurses held the 
legs so as to obtain the least stretching of the perineum. 
The knees were vertical for the application, while for the 
head at the vulva, the knees were flexed over the abdomen. 
The head was rarely delivered with the forceps, merely 
a distention of the vulva was allowed and the fundal 
pressure was applied. The anesthesia was invariably 
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chloroform. The use of ether was almost contra-indicated 
by the prevalence of ether bronchitis. This was deemed to 
be due to chronic alcoholism. Episiotomies were rarely 
done as Dr. Jardine raised the point that most episioto- 
mies are useless, i.e.,not needed, are sources of infection,and 
leave an external scar. His method of delivery, in which the 
patient has a relaxing anesthesia as the head is ready to 
come over the perineum and fundal pressure is combined 
with deep upward pressure over the sacral segment of the 
perineum, is prone to give a minimum of tearing. In this 
procedure, the head and the force is entirely under the 
control of the accoucheur. Gas was not advised for this 
stage. 

Twilight sleep had been given a trial and had awakened 
no enthusiasm. It was not being used last summer. Ni- 
trous oxide was deemed of no use in version or difficult 
forceps cases on account of lack of relaxation. 

I wish to record my deep appreciation of the favor 
rendered me by Drs. Webster, Jardine, and Kerr. 
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TRANSACTIONS OF SOCIETIES 


CHICAGO GYNECOLOGICAL SOCIETY 


REGULAR MEETING HELD May 18, 1917, WITH THE PRESIDENT, Dr. CHANNING W. BARRETT, 


IN THE 


MODIFIED UTERINE AND VISCERA FORCEPS FOR 
THE CAREFUL MANIPULATION OF TISSUE 


Dr. ALBERT J. SCHOENBERG exhibited a new 
forceps (see p. 237). 


EXPERIENCES IN THE GLASGOW ROYAL MA- 
TERNITY DURING THE SUMMER OF 1916 


Dr. W. F. Hewitt read a paper (by invitation) 
on his experience in the Glasgow Royal Maternity 
Hospital (see p. 238). 


CLINICAL AND EXPERIMENTAL STUDY OF THE 
EFFECTS OF CHLOROFORM, ETHER, AND 
GAS DURING PREGNANCY AND LABOR 


Dr. Cart HENRY Davis read a paper entitled 
“Clinical and Experimental Study of the Effects of 
Chloroform, Ether, and Gas During Pregnancy and 
Labor” (see p. 170). 


DISCUSSION 


Dr. JosepH B. DELEE: Have you observed 
any hemolysis in the mother where nitrous oxid 
is given? 

Dr. Davis: No. 

Dr De Lee: In the early days, when I was 
enthusiastic about it, I began nitrous oxid when the 
cervix was two or three fingers dilated in the case 
of one of our physician’s wives, and she had an 
acute hemolysis which resulted in an acute post- 
~ partum haemorrhage, with a general icterus, and 
bile in the urine. Since then I have kept down the 
use of nitrous oxid and have gone back to ether. 

Dr. N. Sproat HEANEY: Being an associate of 
Dr. Davis, I have followed him in this work and 
been very much interested in the result of his 
experiments. 

Dr. Davis was led to take up this study because 
of the assertion from so many quarters that gas is 
dangerous to the fotus, and Dr. Davis wished to 
find out if this danger were present, and if so, its 
extent. Among our obstetrical cases we have had a 
few cases of unexplained hemorrhage into the brain 
of the newborn, and since these cases were given 
gas, one phase of his experimental work was to find 
out whether gas produced changes in the blood. 
Dr. Evarts Graham. some three or four years ago, 
carried out experiments with chloroform in pregnant 
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animals and came to the conclusion that chloroform 


‘produced ulcers of the duodenum with resultant 


melena and acidosis. The cases of hemorrhage into 
the brain where we have given gas, were also cases 
to which we have given pituitrin. Where pituitrin 
has been administered during labor and afterward 
the child has a brain hemorrhage, the possibility 
of the pituitrin instead of the anesthetic producing 
the brain hemorrhage, is a question which has to 
be taken into serious consideration. When we first 
began using pituitrin (which was before we ever 


_used gas as a regular routine in labor), we had several 


cases of brain hemorrhage in cases of spontaneous 
labor. Since we have begun to use gas, these cases 
have not been increased in number. I believe that 
pituitrin is responsible for cases of brain hemor- 
rhage more often than suspected, for the following 
reasons: One effect of pituitrin is to increase the 
blood pressure. Whenever the blood pressure is 
increased the pulse rate is decreased. We have no 
direct way of measuring the effect of pituitrin upon 
the blood pressure of the foetus when given to the 
mother in labor, but the observation that the pulse 
rate so frequently drops soon after the administra- 
tion of pituitrin leads us to the conclusion that the 
blood pressure in the foetus is probably also greatly 
increased. In addition to this factor, the increased 
intensity of the uterine contractions greatly com- 
presses the blood in the foetus. If a part of the head 
is protruding from the cervix, not being protected, 
the blood in the head may be under such high tension 
that a vessel in the velum may rupture and afterward 
produce intracranial hemorrhage, or if a very small 
rupture be present, only manifest symptoms when 
the hemorrhagic tendency in the newborn appears 
on the third or fourth day. 

Dr. Davis has shown that there is some danger 
to the foctus from all anesthetics, but the result of 
his experiments seems to show that giving gas for 
short periods of time is the least objectionable 
method. 

Dr. Carey CULBERTSON: It was my privilege 
and opportunity to see an autopsy on one of the 
guinea pigs that died as a result of asphyxia. There 
were haemorrhagic changes in the organs which 
were strongly suggestive of some changes I have 
seen at autopsies following hemorrhagia neona- 
torum, hemorrhage in the newborn. That rather 


suggests, it seems to me, that hemorrhage in the- 
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newborn is a common cause or expression of 
asphyxia. 

With respect to the work of Dr. Davis, he has 
shown that the important factor in giving nitrous 
oxid in labor is the intermittency of its administra- 
tion—something which is set aside by all of us who 
use it in the beginning and at the end. It should 
not be given continuously or it should not be given 
to make the patient cyanotic. Certainly, since we 
have been using nitrous oxid in labor, as far as the 
production of hemolysis is concerned, we have not 
had more postpartum hemorrhage than we have 
ever had. ‘In my experience we have had none; 
we have not had a postpartum hemorrhage follow- 
ing the administration of nitrous oxid. 

I have had but one case of hemorrhage into the 
brain since I have been using nitrous oxid. In this 
case the scalp was ecchymotic, and that patient 
died sortly afterward from hemorrhage of the 
brain. 

So far as the long continued use of nitrous oxid 
gas is concerned, I have had considerable experience 
in using it during my ordinary laparotomy work, 
and I have not seen any evidence at any time, and 
I have used it at least 25 times, of hemolysis or of 
excessive haemorrhage, neither have I had these 
from any local or general anesthetic. 

Dr. Davis (closing): {The question asked by 
Dr. DeLee is rather a hard one to answer. I have 
never scen a patient with any evidence of hemolysis 
following nitrous oxid. In the guinea pigs I asphyx- 
iated with nitrous oxid, undoubtedly there was some 
hemolysis. I cannot believe there could have been 
so much hemorrhage from the capsule of the liver 
without hemolysis. But asphyxiation causes a 
complete change in the normal structure of the 
blood, and it is only reasonable to suppose that we 
would get hemolysis in such cases. We might get 
it from partial asphyxiation of any kind. There is 
always a possibility that we have a difference in 
susceptibility in different individuals. The guinea 
pigs under the gas anesthesia, demonstrated that 
there ‘is a wide difference in the percentages of 
oxygen required. How much the tuberculosis pres- 
ent in some of those pigs interfered with or caused 
changes in the susceptibility to the anesthetic, of 
course, I do not know. I believe Dr. Holmes, who is 
present, has reported cases of hemolysis where no 
anesthetic had been given to the mother. 

Dr. Rupotpw W. Hormes: In one there was a 
streptococcus infection; in another a pneumococcus 
infection, and a third one was unproved. 

Dr Davis: Showing that there are other factors 
which must be considered in connection with hamo- 
lysis. 

So far as death in utero of these young pigs is 
concerned, under the liver of two stillborn, young 
pigs I found blood clots showing that there probably 
had been hemolysis with haemorrhage into the 
peritoneal cavity. These pigs showed evidences of 
asphyxiation, and from the work which has been 
done by Graham and others, it seems very probable, 
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if not certain, that a good deal of the hemorrhagic 
disease of the newborn occurs from asphyxiation 
at the time of labor. Now, if you increase that 
asphyxiation by using pituitrin, or by your adminis- 
tration of the anesthetic, you increase the tendency 
of the foetus in utero toward a hemorrhagic condi- 
tion. Furthermore, I think it is probable, if not 
certain, that a great deal of the icterus of the 
newborn is due to asphyxial changes during the 
process of labor. I would like to ask those of you 
who are doing czsarean sections, if you will, make 
careful note during the next year of how many cases 
of severe icterus you get following delivery by 
primary cesarean section. That is the only way by 
which we can determine that point. If icterus does 
not occur following the primary cesarean section, 
where there has not been birth pressure, we will 
have practically proved that at least most of the 
icterus of the newborn is due to some degree of 
asphyxiation in connection with the labor. 

There are no statistics available to show that the 
use of ether, chloroform, or nitrous oxid increases 
the number of babies which are stillborn or die 
during the first week after birth. You will agree 
that probably in 60 out of every 1000 births in this 
country the children are either stillborn or die 
during the first week after delivery. If that occurs 
when most of the women are delivered without an 
anesthetic, before we can say the anesthetic is 
causing an increase in mortality, we will have to 
show that where anesthetics are used more babies 
are stillborn and more die during the first week. 


A COMBINED BACTERIOLOGICAL AND HISTO- 
LOGICAL STUDY OF THE ENDOMETRIUM IN 
HEALTH AND IN DISEASE 


Dr. ArTHuR H. Curtis read a paper entitled “A 
Combined Bacteriological and Histological Study of 
the Endometrium in Health and in Disease’ (see 
p. 178). 

DISCUSSION 

Dr. Tuomas J. Watkins: I naturally have been 
much interested in this work Dr. Curtis has been 
doing. Recent observations which have been made 
in bacteriology show that cultures made from ground 
tissue as he has done are much more productive than 
when made from smears. 

Dr. Emit Ries: I believe we are all a little awed 
by the magnitude of the problem and by the mag- 
nificent way in which Dr. Curtis has gone at it. 
If we consider the amount of work that is represented 
in the paper given us tonight, we shall hesitate 
naturally to pick up individual points when, in 
reality, we have to deal with a fundamental paper 
the importance of which is as great as the practice 
of gynecology. I shall, therefore, prefer to say a 
few words which will give Dr. Curtis an oppor- 
tunity to tell us some more. In making such a series 
of investigations many incidental points are brought 
into the proper light, and it is very interesting to 
compare Dr. Curtis’ findings with what is known 
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in the literature. While his work agrees practically 
in all essential points with Menge’s, he did not tell 
us in how far his results agreed with the stages of 
the development of the uterine mucosa as given by 
Hitschman and Adler. He stated that in certain 
cases the endometrium was found normal. He 
further stated he accepted Hitschman and Adler’s 
work, and when he used the word normal he meant 
probably that the cyclical stages were present in 
these cases, referring to the stage of menstrual 
cycle. I would like to have him tell us, if he can, 
in how many cases his results agreed completely 
with the determinations of Hitschman and Adler. 
According to Hitschman and Adler, it is possible 


from sections of the endometrium to tell approxi- , 


mately at what date the previous menstruation has 
taken place, and at what date the following menstru- 
ation can be expected because they differentiate 
between the stage of quiescence, the stage of pre- 
menstruation, and the stage of menstrual mucosa. 
All the workers on the endometrium have agreed 
with Hitschman and Adler in the essential points, 
and each one has tried to pick a few cases where he 
could not agree with Hitschman and Adler. Now, 
it is a common finding, if you examine large masses 
of endometrium, not only one or two pieces, but 
the whole curettement, the whole endometrium, to 
find that certain parts present the interval stage, 
while other parts present the premenstrual condi- 
tion. If the premenstrual condition prevails at a 
time when it should not do so, at the time when the 
interval stage should be present, we would have to 
deal with an unphysiological condition. If at one 
and the same time you have the interval stage and 
premenstrual stage in the same uterus, that would 
not agree with the work of Hitschman and Adler. 

It would be interesting to hear from Dr. Curtis 
whether in his extensive investigations, especially 
in the infected cases and diseased cases, he has 
found such abnormal development of the mucosa. 
I understood the doctor to say that only one piece 
was reserved for microscopic examination, while 
the rest was ground up for bacteriologic examina- 
tion. He may therefore have been prevented from 
investigating various parts of the endometrium and 
may have been prevented from finding such an 
abnormal development. 

I would like to hear also from Dr. Curtis whether 
in the pathologic cases in which the adnexe were 
removed to a greater or lesser degree, the bacterio- 
logic and histologic examination was extended to 
these, and how the findings in the tubes agreed with 
the findings in the uterus in so far as he has already 
stated them. This would be of great importance 
from a practical standpoint. In connection with 
gynecological operations the pendulum has swung 
a good deal in the last 20 years between the extremes 
of conservative and radical methods. At one time 
we removed the uterus completely with the tubes 
when infected. At other times we removed the 
tubes and ovaries and left the uterus. At other 
times we removed the body of the uterus when the 


tubes were infected and ovaries. We have used 
this or that method according to our experience or 
personal liking. If in all these pathologic cases, 
where the tubes were infected, the endometrium 
was normal there was no reason to remove the body 
of the uterus, and it would be proper to leave the 
body of the uterus in all such cases if the tubes are 
removed. 

I heartily agree with what the doctor said about 
the nature of the discharge, which is usually called 
leucorrhceal, as not being caused by the function of 
the endometrium of the body, but rather by the 
endometrium of the cervix. It is a common experi- 
ence that in cases of pyosalpinx, for instance, where 
the patient complains of leucorrhoea among other 
symptoms, we remove the double pyosalpinx with 
the body of the uterus, and the patient continues 
to have leucorrhoea the same as before until we do 
something for the cervix. 

I would like to have Dr. Curtis tell us something 
if he can whether he has any experience with infec- 
tion of the endometrium by the application of the 
tent. I do not know how many men there are in 
this audience who have used the tent; I have never 
used one in my life, but I am working in a hospital 
where other men use the tent right along, and in a 
recent investigation which I made I found very 
distinct evidence that the tent is a fruitful source of 
infection. Aschoff pointed out a few years ago, that 
in all cases where the tent was used there were signs 
of acute inflammation of the tubes. The tent does 
just exactly what Dr. Watkins mentioned, namely, 
it makes a wide opening, a wide breach, between 
the body of the uterus and cervix and vagina and 
makes of the whole cavity a continuous cavity, 
with easy access of micro-organisms from the vagina 
to the body of the uterus. When the tent is inserted 
properly into the body of the uterus, there is a 
pathway for the micro-organisms clear up to the 
body of the uterus. 

Dr. Cart Henry Davis: I would like to ask 
Dr. Curtis one or two questions: first, what is the 
relation between retrodisplacements of the uterus 
and the conditions found in the endometrium? 
What was the condition of the cervix in the two cases 
in which he found mixed cultures following the 
curettage? 

Another point is with reference to the technique. 
I have for a long time, in cases where I have had 
occasion to do dilatation and curettage, where there 
is an ulcerated condition of the cervix, taken par- 
ticular pains to paint the cervix several times with 
iodin; and in introducing the Hegar dilators at each 
time, before introducing the dilator; I dipped them 
into the iodin solution and then passed them into 
uterus. 

Dr. S. S. ScHocuet: I do not feel competent to 
discuss the fundamental question of the paper, but 
inasmuch as Dr. Curtis referred to a case of syphilis 
of the uterus, a subject in which I am very much 
interested, I will say that there are only five cases 
of syphilis of the internal genitalia recorded, that is, 


ts 
fl 


all infecting the uterus, and in one of these cases the 
disease affected the endometrium. I would like to 
ask Dr. Curtis whether the spirochete was demon- 
strated in this particular case, and if so, was it a 
case of syphilis of the endometrium, the myometri- 
um or the parametrium? 

Dr. N. Sproat HEANEyY: I wish to congratulate 
Dr. Curtis upon the very interesting work which 
he has carried out and for the careful way he has 
presented his findings. The small number of positive 
cultures has been a great surprise tome. I would like 
to ask Dr. Curtis if in any of the uteri containing 
polyps, if the polyps showed positive cultures since 
we ordinarily believe that a polyp is a result of an 
inflammatory reaction in the endometrium; and 
also ask whether the histological examination of 
such polyps regularly showed round celis and 
plasma cells. If the histological and cultural findings 
in this class of cases are negative, we must remove 
polyps from the classification of inflammatory 
reaction. 

Dr. Curtis (closing): In response to the question 
of Dr. Davis, in which he speaks of the effect of 
displacements of the uterus upon the condition of 
the endometrium, I have found that when the uterus 
is markedly displaced there are more mononuclear 
cells infiltrated into the tissues. Whether there is a 
real infection in these cases our methods are not 
delicate enough to determine. 

The point which Menge made was this: the 
gonococcus possesses the capacity, not common to 
other bacteria, of passing the internal os without 
difficulty. Insofar as I can determine, he believes 
this from purely clinical experience, without suffi- 
cient bacteriological study to prove his position. 

It would seem more logical for us to assume that 
the gonococcus gets up into the uterus and into the 
tubes with greatest frequency, not because it 
possesses peculiar properties which allow it to pass 
the internal os, but rather because it is the patho- 
genic organism we most frequently find in the 
vagina and cervix. In 19 cases out of 20 it is the 
only pathogenic organism present in large numbers 
in the vagina; naturally it is the most frequent in 
the uterus and above. The streptococcus can travel 
just as fast and as hard through the internal os as 
can the gonococcus, but it is not so abundant nor 
so frequent. Moreover, the gonococcus is expelled 
from the male urethra with considerable force, and 
it may be that it occasionally shoots at once through 
the internal os as a result of this. 

Dr. HEANEY: What about the acini? I would 
like to know whether there was any change in the 
endometrium in the woman who had hemorrhage. 

Dr. Curtis: There was nothing to indicate 
polypoid changes in the endometrium, or other 
microscopic abnormalities except inflammation. 
The question Dr. Schochet brings up is rather 
interesting. I have seen this one case of chronic 
syphilis of the uterus. Dr. Warthin, of Ann Arbor, 
in his recent paper before our Society claimed some 
things about which I was rather skeptical, and 
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I made up my mind to watch carefully for syphilitic 
uteri. A month or two later I had such a case, upon 
whom I operated thinking there was a fibroid of the 
uterus. When the abdomen was opened there was 
found a symmetrical, greatly hypertrophic uterus, 
easily three times normal size. There were no 
fibroids. We made a gross diagnosis of syphilis and 
thereafter ordered a complement deviation test, 
which gave a 4+ Wassermann. Upon reviewing the 
history, we obtained information not previously 
available, which clinched the diagnosis. Upon 
examination of this uterus I found syphilitic changes 
in the muscle and fascia, but was unable to obtain 
spirochete. It so happens that at one time I worked 
for five months on syphilis of the stomach, and so 
was in a position to make a more satisfactory exam- 
ination of the tissues than would otherwise have 
been possible. There was nothing particularly 
abnormal in the endometrium except a large infil- 
tration of plasma cells. 

The treatment which Dr. Davis speaks of at the 
time of dilating the uterus is quite as efficient, and 
possibly more so than the one I suggested. I do 
not care how you get the iodine into the cervical 
canal, but do think it should be used. 

I fully coincide with Dr. Ries in regard to the use 
of the tent. I think it is pernicious. I was so 
fortunate as to see two cases dilated with tents with 
subsequent infection. One of these patients devel- 
oped a pelvic abscess from which we obtained 
streptococci in large numbers; the other patient 
had gonorrhoea of the tubes. After putting in a 
tent an unsuspected infection was stirred up so 
much that the tubes were later taken out. 

I am not in a position to discuss the cyclical 
changes which occurred because unfortunately so 
many of these uteri were markedly pathologic. It 
is my impression that Hitschmann and Adler, like 
most people who originate an idea, are too enthusi- 
astic in drawing hard and fast lines between the 
various stages of the menstrual cycle. Their idea is 
essentially quite correct. They insist that one should 
obtain endometrium from the anterior wall of the 
uterus, from the fundus and lower down. I took 
tissue from any convenient portion of the endo- 
metrium which happened to remain. 

In reply to the questions of Dr. Ries, I have been 
interested in the bacteriology of the tubes in their 
relationship to the endometrium, but have wished 
to make my report in detail at a later date. Infec- 
tion is usually present in the tubes when there is 
infection of the endometrium. The histologic 
picture of the tubes, when there are bacteria found 
in cultures, is a counterpart of the bacteriological- 
histological study of the endometrium. In the 
work which I have done, polymorphonuclear 
leukocytes have been found in considerable numbers 
whenever bacteria have been present in cultures. 
I am a little skeptical about these results; as bac- 
teriological technique improves, in many of these 
cases with nothing more than mononuclear cell 
exudates we may later be able to isolate bacteria. 
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ASCENDING INFECTION OF THE URINARY TRACT; 
AN EXPERIMENTAL STUDY 
Dr. VerNon C. Davip read a paper entitled 
“Ascending Infection of the Urinary Tract; An 
Experimental Study” (see p. 159). 


DISCUSSION 

Dr. DantEt N. EISENDRATH: There is one side 
to this subject to which I desire to call attention. 

Last November, when I was in Boston, I had a 
spirited discussion with Dr. Cabot and Dr. Crabtree. 
They are warm advocates of the theory of hama- 
togenous infection, and do not believe there is such 
a thing as lymphogenous infection, except in rare 
instances. Dr. David’s work shows that if you infect 
the bladder badly as he did in a number of cases, 
you do not get hematogenous infection. It is an 
ingenious way to carry out his experiments. By li- 
gating the right ureter he had control of, and not 
having the two ureters infected he could demonstrate 
from his blood cultures that there was no hema- 
togenous infection. Cabot claims that in every one of 
these cases there is an excretory colon-bacillus infec- 
tion and at some place there is an elective action in 
the pelvis of the kidney. This appears to me to be 
a stretch of the imagination and I cannot agree with 
him. 

The experiments we made were published in full 
in the Journal of Medical Research for January, 1917. 
These experiments were carried ou. by a technique 
similar to that described by Dr. David. We used 
female rabbits at first, but finding, as Dr. David 
states, that we had such a large proportion of infil- 
trations in our control animals, we gave up rabbits 
and used dogs. We used 21 dogs, and out of that 
number we obtained positive cultures from the 
bladder in 11, and in 4 out of the 27 we obtained 
_ positive cultures from the kidney We never obtained 
a positive blood culture from any of the animals. 

Are these experiments of any value because they 
show that in the control animals we had a certain 
proportion of positive results? Yes, they are. 
Pathologists agree that you cannot get a perfectly 
clean laboratory animal, especially a female animal, 
because almost invariably you will find they have a 
low grade of infection if you examine enough con- 
trols. The positive pictures we secured are quite 
different from those of control animals. 

We have enough evidence from our negative con- 
trols and positive experiments to show positively 
that there is such a thing as an ascending infection, 
and it is now only a question as to whether it takes 
place by way of the lymphatics or urinary stream. 
Most of the evidence shows that it occurs by way of 
the lymphatics. 


Our work seems to differ in one respect. We find 
almost invariably lymphocytes and not polymorphs. 
Dr. Schultz, who did this work with me, said the 
reason for it is that we were fortunate enough to get 
a low grade of infection in all-our experiments. 
When you see some of the slides you will observe at 
once that they are not normal animals and we could 


not get pictures following the lymphatics as we sce 


in the pictures that have been presented by Dr. 
David. We obtained practically the same pictures 
of the staphylococcus and bacillus proteus that we 
did with the low visculent sprains of the colon 
bacillus. That explains why we got lymphocytes 
and very few polymorphs. 

David’s work confirms at least 75 per cent of the 
work we have done. There is simply a difference of 
opinion regarding the lymphocytes and polymorphs, 
and we believe the reason we did not get more poly- 


‘morphs is because we did not deal with such an 


intense infection. It explains why in certain cases 
where we get ascending infection we can get the 
pyelitis of pregnancy and the pyelitis of children, 
which explains so many of the things that help 
undoubtedly in the treatment of these cases. 

Dr. Davin (closing): The question of lympho- 
cytes and polymorphonuclear leukocytic infil- 
tration as a reaction to different grades of violence 
of the same organism cannot be disposed of so easily 
by a theoretical explanation. In one case that had 
lymphocytic infiltration not only a number of cul- 
tures ‘from the ureters but cultures from the 
ground ureter were made and shown to be sterile. 
The ureter wall stained for bacteria was also nega- 
tive. There is one objection to the fact that so many 
instances of ascending infection instanced by involve- 
ment of the urinary lymphatics occur and that is 
that very few positive cultures in the upper urinary 
tract accompany this lymphoid infiltrate. It is a 
question in my mind how much of a factor peri- 
ureteral lymphatic involvement plays in infections 
of the urinary tract where often a number of days 
from the beginning of the experiment the cultures 
are sterile. Our work points to the fact that the 
open lymphatics in the cut ends of the ureter can 
be infected and the infection can ascend to the 
pelvis of the kidney, and in some instances the 
infection can extend to the kidney itself. Where 
the continuity of the ureter is not interfered with, 
periureteral infiltrate of a polymorphonuclear type 
never occurred unless there was free exudate in the 
peritoneal cavity or a peritoneal exudate over the 
bladder. 

Dr. Nelson N. Percy read a paper entitled 
“Three Years’ Experience With the Surgical Treat- 
ment of Pernicious Anemia.” 
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